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SLIT and Bone Growth Modulation

{0001] This application claims benefit of priority to the filing date of 11.S.
Provisional Application Ser. No. 62/63(,557, filed February 14, 2018, the contents of

which are specifically incorporated by reference herein in their entirety.

Background
{0002] There 1s an urgent need to develop iraproved methods to treat osteoporosis

and other disorders of low bone mass. One 1o two wornen and one 1o four men will
experience a frachwre doe to osteoporosis during their ifetimes. In total, osteoporosis
kills as many women each year as breast cancer. Moreover, medical systems are vastly
wndertreatng osteoporosis, and one factor in this undertreatment is a concern regarding
the highly publicized side effects of existing drugs, such as the atypical femoral
fractares or osteonecrosis of the jaw occurring with bisphosphonate, the most
commonly vsed class of anti-osteoporosis drugs.

{0003] Drugs for the treatment of osteoporosis typically fall into one of two
categories. They function cither to block bone resorption by osteoclasts or to augrment
bone formation by osteoblasts. Such different categories of anti-osteoporosis
medications can have distinct uses. For instance, augmenting bone formation during the
repair of bones, as may occur after a traumatic fracture, tumor resection, or after
surgical management of other orthopedic problems, is desirable, as substantial
secondary morbidity can be associated with prolonged convalescence from these
injuries. Complete failure of bone healing is a common occurrence in patients with
other comorbid conditions including vascular diseases such as diabetes or disorders
causing ongoing inflammation. Impaired healing is commonly noted when optimal
physical stabilization of the injury site cannot be achieved by orthopedic surgical
approaches or when the injury size is too large (so-called critical-sized defects).
However, so far, no existing anabolic agent has demonstrated clear activity in clinical
studies to ephance bone healing across any of these indications.

{0004] It is increasingly appreciated that the ancillary cell types present in bone

i

tissoe actively participate in osteogenesis. For example, a subset of CD3 1Y, endormcin®
{(EMCNM) vascular endothelium has been recently identified as residing in the bone
marrow (BM) near the growth plate. CD3P"EMCN™ endothelivrn, also known as "type
H endothelinm”, is believad to actively direct bone formation, as alterations in
CD31MEMON" endothelium impact bone architecture, bone formation, and nombers of
osteoprogentors present in the marrow (Kusombe, Ramasamy, and Adams 2014,
Ramasamy et al. 2014). CD31"EMCN" endothelium levels can be altered by platelet-

derived growth factor type BB (PDGF-BB), providing a potential link between bone
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resorption activity by osteoclasts and CD31"EMCN endothelium ( Xie et al. 2014).
However, it is currently naclear if and how levels of CD31"EMCN" endothelium are
coupled with the physiclogic need for bone forration and whether ostecblasts
participate in this regulation.
{0005] The inventors and cowarkers have previously shown that the adaptor
protein Schourni3 (SHN3) is a suppressor of ostechlast activity, as mice lacking SHN3
display a progressive increase in postnatal bone mass due to angmented bone formation
{Shim et al. 2013, Jones ot al. 2006). As deletion of §4n3 1n osteoblast-lineage cells is
sufficient to greatly enbance bone formation, it appears that osteoblasts can coordinate
the varicus tissue activities beyond osteoblast-miediated matrix secretion needed to form
mature bone.

Summary
{6006] Described herein are methods for prevention of bone loss or for promoting
bone growth, bone-strengthening, or bone healing in a subject in need thereod,
comprising administering a composition that included a SLIT3 or SLITZ agent to said
subject. It may be in the forni of a protein or an expression vector that can express the
SLIT3 or SLIT2 protein. The composition can be delivered locally and may be targeted
to bone. It may be delivered by injection or in combination with a carrier or medical
device. The bone formation may involve promoting the formation or growth of
CD31"EMCNY endothelinm.
{06671 Also described herein are methods of preventing bone growth in a subject in
need thereof, comprising admunistering a SLIT3 or SLITZ inhibiting agent to said
subject. The SLIT2 or SLIT2 inhibiting agent may be targeted to bone or delivered
focally. The SLIT3 or SLITZ inhibiting agent is a small interfering RNA or an antibody.
[OB08] As shown herein, CD3IMEMONY skeletal vasculature is increased in mice
with an inducible deletion of SAn3 in osteoblasts and CD3IYEMON" endotheliun is
regulated by osteoblasts. More significantly, the secreted ligand SLIT3 as a novel
SHN3-conirolled, osteoblast-derived regulator of CD31"EMCNY endothelium levels.
SEIT3 belongs to a conserved family of SLIT ligands that were initially discovered in
the context of CNS development, where they roediate axonal guidance through ROBO
receptors (Robol-4) (Nguyen Ba-Charvet et al. 1999, Jaworski and Tessier-Lavigne
2012). Subsequent studies showed SLITs are widely expressed, and the SLIT/ROBO
pathway has been implicated in mualtiple physiological functions outside of the nervous
systern such as angiogenesis/vasculogenesis (Jones et al. 2005, Rama et ab. 2015, Vasam
et al. 2017), stem cell regulation (Geuiskens et al. 2012, Zhowu et al. 2013} and cancer
development (Mehlen, Delloye-Bourgeois, and Chedotal 2011). Additionally, SLIT3

has been identified as a proangiogenic factor in mouse models and human engineered
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tissue (Zhang et al. 2000, Pauni ot al. 2013). However, the role of SLIT3 in bone
metabolism was largely unclear untdl this work. Hercin, we used genetic models to
demonstrate that osteoblast-derived SLIT3 controls levels of skeletal CD31"EMCN"
endothelium and bone mass accrual. Furthermore, we provide proof-of principle that
exogenons SLIT3 administration is a novel class of vascular-targeted therapeutics for
the treatment of disorders of low bone mass or for enhancing fracture healing.

Brief Description of the Drawings
{0609 FIG. 1A-1F illustrate that Shn3™ mice have increased skeletal vasculature
and CD31"EMCNY endothelium. FIG. 1A shows tepresentative images of 2-week-old
mouse femors staned with CD31 and 47,6-dianudino-2-phenyhindole {DAP) (n=4 per
group} {Top, lower power; Bottom, higher power). Growth plate (GP) and cortical bone
{CB) are marked. 5Scale bars, 300um (lower power) and 100um (higher power). FIG.
1B shows representative images of 2-week-old mwouse femurs stained with Endomucin
(EMICN) and 47,6~diamidino-2-phenylindole (DAPI) (n=4 per group) (Top, lower
power; Bottom, higher power). FIG. 1C-1 graphically illustrates relative CD31-positive
in the bone marrow cavity (n=4 per group). FIG. 1C-2 graphically illustrates relative
EMCN-positive vessel area in the bone marrow cavity {n=4 per group). FIG. 1D shows
representative image of CP31 and EMCN dual-inumunostained femur sections from the
ferour in 2-week-old niice. Scale bars, 100um, 8=3 per group. FIG. 1E shows
representative flow cytometry plots of CD31"Emen endothelial cells in Ter1 19 and
CD45 cell population from the ferur in 2-week-old mice (p=4 per group). FIG. 1F
itlustrates the relative frequency of CD31"Emen™ endothelial cells in Terl 19 and
CE5 cell population from the ferowr in 2-week-old mice (p=4 per group). Values
represent mean * s.e.m.; *¥P < 0.01 and ***P < 0.001 by an unpaured two-tailed
Stadent’s f-test in all panels.
{0610] FIG. 2A-2L iltustrate that ablation of SAnd in osteoblasts selectively
enhances osteogenesis and angiogenesis in vivo. FIG. 2A-1 shows representative moicro-
CT (uCT) 1mages of wabecular bone in the distal feryors of Shn3 " (a=T7) and Shn3
conditional knockout Shn3™?! mice (n=8) at 8-weeks of age. Scale bars, 1mm. FIG. 2A-
2 graphically itlustrates relative quantitanive analysis of bone volume/total volume

(BV/TV) in $hn3™ (n=7) and Shn3™P' mice (n=8) at 8-weeks of age. Scale bars, 1mm.
FIG. 2B-1 shows representative histomorphometry images of the L3 vertebrae in Shn3™"
(n=6) and $/n3"" mice (n=3) at 8-weeks of age. Scale bars, 500un. FIG. 28-2

graphically illustrates quantitative analysis of bone volume/total volume in Sin3"" (n=6)
and SAn3™ mice (n=5) at 8-weeks of age. FIG. 2C shows representative calcein double
3wl

. . . . - SEIf . N ~ N . o
Iabeling images of the L3 vertebrae in 8403 mice (n=6) and S/ mice {(n=06) at &-

weelks of age. FIG. 2D graphically illustrates guantification of histomorphometric

i~
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parameters of the 1.3 vertebrae in 57037 mice (n=6) and San3"" ! mice (n=56) at 8-weeks
of age. Trabecular mineral apposition rate (MAR, mm day '), bone formation rate/bone
surface (BFR/BS, mur?® num™ yr‘l), osteoclast number/bone perimeter (No. Oc./B. Pmy)
and ostecblast surface/bone surface (Ob.8/BS, %). FIG. 2E shows representative
confocal tmages of fernurs from 2-week old mice with EMCN and CD31 0=3, per
group. GP, growth plate. Scale bars, 100 pm. FIG. 2F shows representative flow
cytometry plots of CD31"Eroen™ endothelial cells from the femur of 2-week-old
Shun3™P! (3=6) and Shn 3" littermate control (n=3) roice. FIG. 2G graphically illustrates
relative frequency of CD31"Emen™ endothelial cells in the femur of 2-week-old

admpi 2

Shn3?" (n=6) and Shn3” hittermate control (n=3) mice. FIG. 2H shows representative

uCT images of the trabecular bone in the distal femur metaphysis of Shn3™ (oil =7;

R

tamoxifen =7) and in mice exhibiting tamoxifen-inducible inhibition of $An3 ($hn3”"
" mice) {0il =6; tamoxifen =8) twelve-weeks after tamoxifen injection or corn oil
injection at 4-wecks of age. FIG. 21 graphically illustrates relative guantiative analysis

of bone volume/total volume i 54n 3" mice (oil =7; tamoxifen =7) and in mice

exhibiting tamoxifen-inducible inhibition of Shu3 (Shn3**™

nHce) (oil =6; tamoxifen
=§) twelve-weeks after tarnoxifen injection or corn oil injection at 4-weeks of age. FIG.
2¥ shows representative confocal images of endomucin (red) immunostained femur
sections from San3" (n=3) and 5an3°7"*" mice (n=3) at 4~-weeks after tarnoxifen
injection nto 4-week old nice. GP, growth plate. Scale bars, 300 ym. FIG. 2K shows
representative flow cytometry plots of CD31"Emen®™ endothelial cells from the femurs
of Shn3" (5=5) and Shn3*"*" mice (n=5) 6-weeks after tamoxifen injection at 4-weeks
of age. FIG. 2L graphically illustrates relative frequency of CD31"Emen™ endothelial
cells from the fenmrs of $hn3" (0=5) and Shn3*™* mice {n=5) 6-wecks after
tamoxifen imection at 4-weeks of age. Values represent mean  s.€.0m.] 1LS., 1ot
sigmficant and *, P < 0.05; *¥, P < 0.01; #* £ < .001 all by an unpaired two-tailed
Student’s t-test or by one-way ANOVA followed by a Tukey's posttest in all panels.
{06011 FIG. 3A-3M llustrate that inhibition of $hn3 enhances §7i13 expression in
osteoblasts. FIG. 3A shows representative images of bone marrow-derived endothelial
progenitor outgrowth cells (EPOCs) from a transwell migration assay. FIG 3B
graphically illustrates migrated cells per field from a ranswell migration assay of bone
marrow-derived endothelial progenitor outgrowth cells (EPOCs). Basal medium, (BM);
Conditioned medium, (CM}. n=3 per group. FIG 3C shows representative images of
tube branches from a Matrigel tube formation assay of EPOCs. FIG. 3D graphically
illustrates relative quantification of tube branch numbers from a Matrigel tube formation
assay with EPOCs. n=5 per group. FIG. 3E illustrates gene ontology (GO) enrichment

analysis of differentially expressed genes between Sin3” mice and littermate control



WO 2019/161136 PCT/US2019/018115

mice. Fach bar is colored and labeled according to p-value of enrichment analysis,
where darker colors indicate greater differential expression than lighter colors. FIG. 3F
illustrates a heatraap of proangiogenic gene expression from three independently

**and Shn3” mice. FIG. 3G graphically

derived sets of primary osteoblasts from Shn3
ilfostrates relative RNA expression as detected by real-time PCR analysis of 503
expression in $hn3* and Shn3” osteoblasts. FIG. 3H-1 graphically illustrates $7it3
raRN A expression 1o human mesenchymal stromal cells (hMSCs) expressing a control
vector or Shn3 shRNAs cultured under osteogenic conditions. n=4 per group. FIG. 3H-2
shows a protein blot Hustrating protein levels of 573 in human mesenchymal stromal
cells (hMSCs) expressing a control vector or Shn3 shRNAs cultured under osteogenic
conditions. n=4 per group. FIG. 31-1 graphically ilfustrates mRNA levels of 51it3 in
hMSCs transgenically expressing Shind and mRINA levels of S{i13 in hMSCs
transformed with a control vector where the BMSCs were cultured in osteogenic
conditions. n=4, per group. FIG. 31-2 shows a protein blot dlustrating protein levels of
Sl in BMBCs having a control vector or a vector encoding Shn3 when the hMSCs
were cultired under osteogenic conditions. n=4, per group. FIG. 3F graphically
tllustrates results of an ELISA for SLIT3 in osteoblast conditioned media (CM). u=6 per
group. FIG. 3K graphically illusirates results of quantitative real-time PCR analysis of
§lit3 in Shn3** osteoblasts and in osteoblasts expressing a defective Shn3 (resulting
fron knock-in of a mutation in 3 amino acids within the ERK imteracting motif of Sha3,
Shn3™&Y osteoblasts. FIG. 3L graphically iltustrates results of quantitative real-time
PCR analysis of 87i3 in BMSCs treated with the indicated doses of rametimib (TTNB).
a=4 per group. FIG. 3M shows representative confocal images of CD31 and endomucin
(red) dual immumostained sections frorn the fermur of 2-week-old $an 3% mice or
controls n=3 per group. GP, growth plate. Scale bars, 100um. Values represent mean +
s.e.m; n.s., not significant, *£ < 0.08, #¥P < Q.01, ¥ P < 0.001 and #*¥+P < 0.0001 by
an uopaired two-tailed Student’s f-test or one-way ANOVA followed by a Tukey’s
postiest in all panels.

{0G12] FIG. 4A-4L illustrate that S57is37 mice have decreased skeletal vasculature
and bone mass. FIG. 4A shows representative images of tube branches formed ina
Matrigel tube formation assay of endothelial progenitor cutgrowth cells (EPOCs) in
varying concentrations of Skit3. Scale bars, 200um. FIG. 4B graphically illustrates that
the quantity of tube branch numbers increases with increased Shit3 as measured in a
Matrigel mbe formation assay with endothelial progenitor outgrowth cells (EPOCs).
n=5 per group. FIG. 4C shows representative images of endothelial progenitor
outgrowth cells (EPOCs) of various genotypes cultured under different conditions ina

Matrigel tbe formation assay. Where indicated, a SLIT3-neutralizing antibody or a

[#7)
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related isotype control was added. n=5 per group. Scale bars, 200pm. FIG. 4D
graphically illustrates relative quantification of tube branch mumbers in 2 Matrigel tohe
formation assay of endothelial progenitor outgrowth cells (EPOCs) of vartious genotypes
cultured under different conditions in a Matnigel tube formation assay. Where indicated,
a SLIT3-neutralizing antibody or a related isotype control was added. n=3 per group.
FIG. 4E shows representative confocal images of CD31-bmmunostained sections of the
bone marrow cavity from the femr of 2-week-old rice. n=4 per group. Scale bars,
300pm (Jower power) and 100um (higher power). FIG. 4F shows representative
confocal images of endomucin-immunostained sections of the bone marrow cavity from
the femur of 2-week-old mice. n=4 per group. Scale bars, 300um (lower power) and
100pm ¢higher power). FIG. 4G-1 graphically illustrates quantification of relative
CD31-postive vessel area in the bone marrow cavity from the femur of 2-week-old
once. n=4 per group. 4G-2 graphically iltustrates quantification of relative endomucin-
positive vessel area in the bone marrow cavity from the feraur of 2-week-old mice. n=4
per group. Scale bars, 300um (lower power) and 100um (higher power). FIG. 4H-1
shows representative images of the L3 vertebrae in $713"" mice and §1ir3” mice. Scale
bars, 500pm. FIG. 4H-2 graphically illustrates guantitative analysis of bone
volume/total volume in 773" mice and 57137 mice at 6-weeks of age. n=7 per group.
FIG. 4H-3 graphically illustrates quantitative analysis of cortical bone thickness in
Slit3** mice and §1ir3" mice at 6-weeks of age. n=7 per group. FIG. 41-1 shows
representative uCT images of trabecular bone in the distal femur metaphysis in 87137
mice (n=8) and §7ir3” mice. Scale bars, lmm. FIG. 41-2 graphically illustrates
quantitative analysis of bone volume/total volume in SH(3™" mice (n=8) and SIit37 mice
{n=0) at 12-wecks of age. FIG. 4H-3 graphically dilostrates guantitative analysis of
cortical bone thickness in S6237 mice (=8 and S{i137 mice (n=0} at 12-weeks of age.
FIG. 4) shows representative confocal images of CD31 (top) immunostained, and CD31
and endomucin dual-inyounostained, bone sections from the femurs of 2-week-old
O8X-cre and SIi13°7 mice. n=4 per group. Scale bars, 300um (ower power) and 100um
{higher power). FIG. 4K-1 shows representative pCT 1images of trabecular bone in the
distal fermur metaphysis of O8X-cre (n=0) and S{i3°" mice (n=6) at 3-weeks of age.
Scale bars, 1mm. FIG. 4K-2 graphically illustrates quantitative analysis of bone
volume/total volume in O3X-cre (n=0) and 5737 mice (n=06} at 3-weeks of age. FIG.
41.-1 shows representative uCT images of cortical bone in the distal fenwr metaphysis
of OSX-cre (n=6) and 831i13™ mice (1=6) at 3-weeks of age. Scale bars, Imm. FIG. 41.-2
graphically illustrates quantitative analysis of cortical bone thickness in O8X-cre {(n=0)

and 57137 mnice (=6 at 3-weeks of age. Values represent mean + s.e.m.;, P < (0.035,
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AP < 0.0, ¥FFP < 0.001 and P < 0.0001 by an uppaired two-tailed Student’s -
test or one-way ANOVA followed by a Tukey’s postiest in all panels.
{O013] FIG. SA-5H illustrate that 5713 contributes to the ability of $hn3 to control
osteogenesis and CD3IYEMCN" endothelinm in vivo. FIG. SA shows representative
confocal tmages of CD31 and endomucin dual-immunostained bone sections, GP,
growth plate. Scale bars, 100um, FIG. 5B-1 illustrates representative flow cytoretry
dot plots of CD3 MFErca® endothelial cells (b, night} of the femur 1n 2-week-old Shun3™*
S5 (n=5), $hn3 SH?” (=3}, Shn3" SHr3 (n=5) and Skn3" 50137 rice (n=5).
FIG. 5B-2 illustrates relative frequency of CD31"Emen®™ endothelial cells of the fernur
in 2-week-old $hn3 ™" S (1=3), Shn3* 8637 (n=3), Shn?” $1it3™" (n=5) and
Shn3™ SHit3” mice (n=5). FIG. 5C-1 shows representative pCT images of the trabecular
bone in the distal femur metaphysis of 6-week-old Shn3™ §Hit3" (n=7), Shn3"" §1it3”
(1=7), Shan3” 37 (n=7) and Shn3” Siit3” mice (n=6). Scale bar, 1mm. FIG. 5C-2
graphically illustrates percent BV/TV (bone volume/total volume) of 6-week-old
Shu3 ™ Sii3" (a=T7), Shn3" 1t 3" (a=T), Shn3" Slit3" (n=T) and Shn3” §lit3" mice
{(n=6). F1G. 5D shows representative images of calcein labelling of 6-week-old §hn3**
S n=3), Shn3"V 837 (n=6), Shn3” §lit37 (n=4) and Shn3” S6i3” mice (n=5).
Scale bars, 100um. FIG. 5E graphically tllustrates histomorphometric analysis of
mineral apposition rate (MAR, 1mam day™) in 6-week-old Sha3"* 5137 (0=5), Sha3**
SHt3 (n=6), Shn3” SLt3" " (n=4) and Shn3” 513" mice (n—‘i) FIG. 5F-1 graphically
ilustrates bone volume/ total volume in 6-week-old Shn3™" §lit3 " (n=5), Shn2""* §li13”
(8=6), Shn3" 51137 (n=4) and Shn3” SH37 wice (n=5) in 6-week-old Shn3™™
SH3 (0=, Shn3*™"* §137 (0=6), Sha3” 5Hit3" (n=4) and Shn3" 5113 mice (n=5).
FIG. SF-2 graphically itlustrates bone formation rate/oone surface (BFR/BS, mm3 mum™”
ve''y in 6-week-old Shn3F SIi3Y (n=5), Shn3™" Slit3"(n=6), Skn3" 51137 (n=4) and
Shn3” 813" mice (8=5). FIG. 5G-1 shows representative uCT images of the trabecular
bone in the distal femur metaphysis in 12-week-old Robol ™ (n=8) and Robol™ mice
{p=6). Scale bars, Lo, FIG. 5G-2 graphically illustrates bone volume / total volume in
2-week-old Robol ™™ (n=8) and Robol™ mice (n=6). Scale bars, Trom. FIG. 5H shows
representative confocal images of CD31-stained, endomucin-stained and DAPT
tmmunostained femurs from 2-week-old Robol” mice (n=3) and fittermate controls
(n=3). Arrows highlight the region containing CD31"EMCN" endothelium near the
growth plate (GF). Scale bars, 100um. Values represent mean x s.e.mu; *F < 0.05, ¥¥P
< 0.08, #*P < 0.00] and ****P < 0.0001 by an unpaired two-tailed Student’s -test or
by one-way ANOVA followed by a Tukey's posttest in all panels.
{0014] FIG. 6A-6N shows that administration of recombinant SLIT3 has

therapeutic effects on bone fracture healing and ovariectomy-induced bone loss. FIG.
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6A shows representative pCT images of mouse femurs 21 days after open femoral
raidshaft fractare in Skn3™ SIS, Shn3Y* 553", Sha3” Slit3™ and Shn3™" Slit3”
naice. Scale bar = 1 mmin gCT. FIG. 6B shows representative pCT images of H&E
stained and mouse fermurs sabjected to EMCN immounohistochemistry 21 days after
open femoral midshafl fracture in Shnd™™ SI3™, Shad** Stird”, Sha3” SHit3*™ and
Shn3” 83" mice. Arrowheads highlight EMCN positive vessels located in the fracture
callus. Scale bar = 200 pm ie H&E and 100 pm s EMCON jmmunohistochemistry
JHO). FIG. 6C graphically dlustrates non-onion frequency of the fractured femora 4
weeks after open femoral midshaft fracture Shn3™™ 813", Shn3"* Slit3”, Shns”
§tie3™" and Shn3” Siit3” mice (n>4, per group). FIG. 6D graphically itlustrates pCT
measurement of BY/TV {bone volume/total volume) in callus area of the fractured
femora 4 weeks after open femoral midshaft fracture SAn3™™* SHf3™™, Shn3™* Slit3™,
Shn3” SH3™ and Shn3” 51it3” mice (n>4, per group). FIG. 6E-1 graphically illustrates
EMCN positive vessel number in the fractured femora 4 weeks after open femoral
midshaft fractmre Shn3™ S1e3Y", Shn3*™ 513", Shn3” §1it3™" and Shn3 " Slit3” mice
{n>4, per group). FIG. 6E-2 graphically illustrates results maxinmum load as assessed by
bio-mechanical testing of the maximura compressive toad of the fractured fenora 4
weeks after open fenioral midshaft fracture Shu3** SHi3™", Shn3"* Slit3”, Shn3”"
Slir3™* and Shn3” Skt3” mice (0>4, per group). FIG. 6F shows representative pCT
images of mouse femurs 21 days post-fracture with IV injection of SLIT3 or PBS. Scale
bar= | mm for uCT. FIG. 60 shows representative H&E stained and EMUCN (insert)
iraraunohistochemically stained tmages of mouse fermurs 21 days post-fractore with IV
injection of SLIT3 or PBS. Scale bar = 1 mm for uCT, 200 pm in H&E and 100umin
EMCN IHC. FIG. 6H graphically ilustrates pCT measurement of BY/TV in callus area
of fermrs after IV injection of SLIT3 or PBS 21 days after fracture (14, per group).
FIG. 611 graphically tllustrates EMCN positive vessel number in fermurs after IV
iHustrates EMCN positive vessel vohume in fernurs after IV injection of SLIT3 or PBS
21 days after fracture (n>4, per group). FIG. 6J-1 graphically ilfustrates results of bio-
mechanical test of maximum compressive Joad of fenwrs after IV injection of SLIT3 or
PBS 21 days after fracture (n>4, per group). FIG. 6J-2 graphically illustrates results of
bio-mechanical test of stiffness of femurs after IV injection of SLIT3 or PBS 21 days
after fracture (n>4, per group). FIG. 6K-1 graphically tltustrates resuits of measurement
of fracture callus BV/TV of mouse fenwurs harvested 21 days post-fracture with
insertion of a gelatin sponge soaked with SLIT3 or vehicle. A no sponge control is
included. FIG. 6K-2 graphically iltustrates results of biomechanical testing of maximum

o

load of mouse ferurs harvested 21 days post-fracture with insertion of a gelatin sponge
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soaked with SLIT3 or vehicle. A no sponge coatrol is included. FIG. 6L shows
representative images of CD31 and EMCN dual-ummmnostained callus sections of
raouse feraurs 21 days post-fracture with insertion of a gelatin sponge soaked with
SLIT3 or vehicle at the tume of fracture, Scale bars, 300um, o=3 per group. FIG. 6M
shows representative uCT umages of the trabecualar bone 1n the distal fermur of mice afier
sharm-operation (Sham), or in ovariectomized {OVX) mice, where the OVX mice were
treated with vehicle, SLIT3, or parathyroid hormone (PTH) injection. Scale bars, 1mm.
FIG. 6N graphically illustrates relative quantitative analysis of bone volame/total
volome in trabecular bone in the distal femur of mice after shan-operation {Sham), or in
ovariectomized {OVX) mice, where the OVX niice were treated with vehicle, SLIT3, or
parathyroid hormone (PTH) injection. Values represent mean * s.eny ¥P < 0.05, ¥¥P <
0.01, #**P < 0.001 and ****F < (0.0001 by a Fisher’s exact test (FI(3. 6C) unpaired
two-tailed Student’s 7-test or by one-way ANOV A followed by a Tukey’s posttest in all
other panels.

{03151 FIG. 7A-7C illustrate that Shn3” mice have increased skeletal vasculature
and CD31"EMON® endothelium. FIG. 7A shows representative confocal images of
heart, brain, lung and kidney from 2-week-old mice stained for endomucin and 4°,6-
dianndino-2-phenylindole (D API). Scale bars, 100um, n=3 per group. FIG. 7B-1 shows
representative images of CD31-postive (upper) and endoraucin-positive (lower) vessel
area of neonatal mice, n=4 per group. FIG. 7B-2 graphically llustrates guantification of
CD31-postive (upper) and endonwucin-positive (fower) vessel area of neonatal mice,
n=4 per group. FIG. 7C shows a schernatic representation of the strategy used for flow
cytometry for analysis of CD31"EMCN" endothelial cells. Values represent mean
s.eans NS, *P < 0.05 and **P < 0.01 by an unpaired two-taided Student’s ¢-test inall
panels.

{0616] FIG. SA-8H illustrates that ablation of $hn3 i osteoblasts enhances
osteogenesis and angiogenesis in vivo. FIG, 8A-1 graphically ilhustrates percent BV/TV
of trabecular bone in Shn3" and Shu3” mice at 8-weeks of age (male, n>4). FIG. 8A-2
graphically illustrates cortical bone thickness i Shn3" and Shn3° mice at 8-weeks of
age (male, 024). FIG. 8B-1 shows representative confocal images of DAPI stained
metatarsals from OSX-Cre; R26-mT/mG mice at 7-days of age (male, n=3). Endosteal
surface (ES), Cortical bone (UB) and Periosteal surface (PS). Scale bars, 100um. FIG.
8B-2 shows representative confocal images of direct eGFP/tdTomato fluorescence in
metatarsals from OSX-Cre; R26-mT/mG mice at 7-days of age {(male, n=3). Red:
memibrane-targeted tdTomato; Green: membrane-targeted eGFP; Blue: DAPL Endosteal
surface (ES), Cortical bone (UB) and Periosteal surface (PS). Scale bars, 100um. FIG.

7
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8C-1 shows representative uCT images of bone in $hn3™ and SAn3™" mice at §-weeks
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of age (uale, n>5). Scale bars, 500 pm. FIG. 8C-2 graphicaily illustrates cortical boue
thickness in Shn3" and Shr3™! mice at RB-weeks of age {male, n>5). Scale bars, 500
urn. FI1G, 8D-1 graphically lhustrates histomorphometeic quantification of mineral
apposition rate (MAR, mm day) at the endosteal and periosteal bone surfaces of the L3
vertebrae in Shn3" (n=5) and 53 mice (n=3) at B-weeks of age. FIG. 8D-2
graphically ilhustrates histomorphometric quantification of bone formation rate/bone
surface (BFR/BS, mun® mun™ ') at the endosteal and periosteal bone surfaces of the L3
vertebrae in Shn3" (1=5) and $hn 3" mice (8=5) at 8-weeks of age. FIG. 8E-1
graphically ilhustrates histomorphometric quantification of osteoblast surface/bone
surface (Ob. S/BS, %) at the endosteal bone surfaces of the L3 vertebrae in $4n3" mice
(n=5) and Shn3** mice (n=5) at 8-weeks of age. FIG. 8B-2 graphicaily illustrates
osteoclast number/bone pertmeter (No. Oc./B. Pny at the endosteal bone surfaces of the
L3 vertebrae in Shind” mice (n=5) and 54n3"" mice (n=5) at 8-weeks of age. FIG. 8F
shows representative confocal images of femurs from 2-week-old mice stained for
CD31 (red) and DAPI (bhae) (Top, low power; Bottom, high power). FIG. 8G
representative confocal tages of femurs from 2-week-old mice stained for Endomucin
{(red) and DAPI (blue) (Top, low power; Bottom, high power). GP, growth plate; TB,
cortical bone. Scale bars, 300pm (lower power); 100w (high power). FIG. 8H-1
graphically iftustrates the percent of CD31-postive vessels in the bone marrow cavity in
Shn3™ and Shn3* mice (n=4). FIG. 8H-2 graphically illustrates the percent of
endomucin-positive vessels in the bone marrow cavity in Shn3" and San3™™ mice
{n=4). Values represent mean + s.e.qn.; ns, not significant, *£ < 0.05, #¥P < .01, #+¥p
< 0.001 and *¥**P < 0.0001 by an unpaired two-tailed Student’s f-test in all panels.
{00174 FIG. 9A-9G illuswrate that SAn3 1o endothelial cells is dispensable for
osteogenesis and angiogenesis in vive. FIG. 9A graphceally ilostrates Shnd expression
in bone marrow derived endothelial cells sorted from Shn3" and Shn™ mice as
quantified by guantitative real-time PCR analysis of (n=4). FIG. 9B shows
representative confocal tmages of fermars from 2-week-old mnce stained for CD31 and
DAPI {top, lower power; bottom, high power). GP, growth plate; CB, cortical hone.
Scale bars, 300um (ower power); 100um (high power). FIG. 9C shows representative
confocal images of fermus from 2-week-old mice stained for endomucin and DAPI (top,
lower power; bottom, high power). GP, growth plate; CB, cortical bone. Scale bars,
300um Jower power); 100um (high power). FIG. 9D-1 graphically illustrates
quantification of the staining perforiued as described for FIG. 9B. FIG. 9D-2 graphically
illustrates quantification of the staining performed as described for FIG. 9C. FIG. 9E
shows representative confocal images of CD31 and endomucin immunostained sections

from the femmurs of 2-week-old mice (n=4 per group). GP, growth plate. FIG. 9F shows
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representative uCT images of trabecular bone in the distal ferour in Shn3” and Sim

naice at §-weeks of age (male, n>6). FIG. 94 graphically ilfustrates results of relative

cidh .
“3 mice at %-

guantitative analysis of bone volume/total volume (g) in Shn3"" and Shn3
weeks of age (male, n>6). Values represent mean £ s.e.my; ns, oot sigmficant and *¥#P
< 0.001 by an unpaired two-tailed Student’s ~test 1 all panels,

{OB18] FIG. 10 illustrates inducible inhibition of Shn3 in osteoblasts increases
cortical bone thickness. Quantitative pCT analysis of cortical bone thickness in Shn3”

3o e {Gil =6; tarpoxifen =8) at 12-weeks after

{oil =7; tamoxifen =7) and Shi.
tamoxifen injection or corn ol ingection at 4-weeks of age. Values represent mean +
s.e.m; s, not sigaificant and **2 < 0.01 by one-way ANOVA followed by a Tukey's
postiest.

§00319] FIG. 11 A-11F show that 3113 is expressed in osteoblasts. FIG. 11A
graphically ilhustrates results of gnantitative real-time PCR analysis of 5773 expression
in mouse brain, lung, kidney, heart, hiver, spleen, bone marrow, bones (femur and tibia
after bone marrow flushing), primary osteoblasts and osteoclasts (n=4). F1G. 11B
graphically illustrates results of guantitative real-time PCR analysis of 5/i13 expression
during human CD14" cell differentiation with M-C5F and RANKL. Human brain cDNA
{Clontech) as a positive control. FIG. 11C-1 graphically illusirates quantification of Alp!
i human mesenchymal stem cells differentiation (n=4). FIG. 11C-2 graphically
thustrates quantification of Lbsp in human mesenchymal stem cells differentiation
(n=4). FIGG. 11C-3 graphically illustrates quantification of 87t in human mesenchymal
stem cells differentiation (n=4). FIG. 11D-1 graphically illustrates quantification of
mRNA (mRNA) levels of 5143 in murine primary osteoblasts (POBs) ransduced with a
control vector or a consiruct expressing SHN3 and subsequently cultured under
osteogenic conditions. n=4 per group. FIG. 11D-2 graphically iltustrates quantification
of protein levels of §/it3 inmurine pamary osteoblasts (POBs) transduced with a
control vector or a construct expressing SHN3 and subsequently cultured uoder
osteogenic conditions. n=4 per group. FIG. 11E graphically dlustrates guantification of
PDGP-BB in osteoblast CM and serum from Shn3” mice by BLISA analyses using
Littermate controls. FIG. 11F graphically illustrates quantification of Slif3 expression as
measured by quantitative real-time PCR analysis of in POBs weated with the indicated
doses of trametinib (TTNB). n=0 per group. Values represent mean * 5.€.1m1.; 11.8., not
significant, **P < (.01 and ****P < 0.0001 by an unpaired two-tailed Student’s ¢-test or
one-way ANOVA followed by a Tukey’s posttest in all panels.

{6020] FIG. 12 ilostrates in vive expression of 56it3 and Robol. Representative
confocal images of femurs from 2-week-old $13*" or Roboi™" mice with a lacZ

knock-in and the control mice stained for beta-galactosidase, Endomucin and DAPI

i1



WO 2019/161136 PCT/US2019/018115

(top, lower power; bottom, high power). GP, growth plate. Scale bars, 100um (fower
power); 40um (high power). n=3 per group.

{0621] FIG. 13A-13B show that SLIT3 has proangiogenic activity in vitro. FIG.
13A-1 shows representative images from a woued healing assay of bone marrow-
derived endothelial progenitor ontgrowth cells (EPOCs) with SLIT3 stimulation. n=3
per group. FIG. 13A-2 graphically illustrates relative quantification resulis from a
wound healing assay of bone marrow-derived endothelial progenitor outgrowth cells
(EPOCs) with SLIT3 stinmlation. n=3 per group. FIG. 138 graphically illusirates results
of an Alaroar blue based proliferation assay 10 EPOCs with SLIT3 wreatioent. n=5 per
group. Values represent mean & s.eamy; *P < 0.05, ¥ 2 < 0.01, #¥+ P < 0.001 and ¥*¥¥p
< 0.0001 by a two-way ANOVA followed by a Tokey’s postiest in all panels.

{0022] FIG. 14A-14C show that SLITI and SLIT2 have proangiogenic activity.
FIG. 14A-1 shows representative images of a Matrigel tube formation assay using
EPOCs after SLIT1 treatment. n=5 per group. FIG. 14A-2 graphically itlustrates refative
quantification of tube branch mumbers of a Matrigel tube formation assay in EPOCs
after SLITT treatment. n=5 per group. FIiG. 14B-1 shows representative tmnages of a
Matrigel tube formation assay using EPOCs after SLIT2 treatment. n=5 per group. FIG.
14B-2 graphically illustrates relative quantification of tube branch numbers of a
Matrigel mbe formation assay in EPOCs after SLIT2 treatinent. n=5 per group. FIG.
14C-1 shows representative flow cytometry dot plots of CD31"Emen® endothelial cells
from femurs of 8-week-old B6 mice after twice weekly TV injection of SLIT2 (Imgkg)
or vehicle initiated 21 days prior to sacrifice. FIG. 14C-2 graphically illusirates relative
frequency of CD31"Emen endothelial cels (right) in fervurs of 8-week-old B6 nyice
after twice weekly IV injection of SLIT2 (1mg/kg} or vehicle ininated 21 days prior to
sacrifice., Vehicle (n=3), SLIT2 (n=4). Values represent mean * s.ean.; ¥P < 0.05, **P
< 0.01, ¥*P < 0.00] and ****P < 0.0001 by an unpaired two-tailed Student’s f-test or a
two-way ANOVA followed by a Tukey’s posttest 1o all panels.

{06231 FIG. 15 ilostrates that SLIT3 indoces activation of Hippo and EREK MAPK
pathway signaling in bone marrow derived endothelial cells. Effects of Sh3 treatment
on YAP, AKT and ERK phosphorylation in mouse EPOCs after serom starvation are
illustrated.

{0024] FIG. 16A-16B show that SLIT3 induces production of skeletal
CD31MEMOCN" cells in vitro and in vivo. FIG. 16A shows representative flow cytometry
plots (left) and relative frequency of CD31"Emen™ endothelial cells (right) in coltures
of EPOCs after SLIT3 stimmlation, FGF2 as a positive control. FIG. 16B shows
representative flow cylometry plots (left) and relative frequency of CD31%Emcn™

endothelial cells (right) in the Ter119" CD45 cell fraction isolated from the femurs of §-

i2
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week-old B6 mice after twice weekly TV injection of SLIT2 (Jmg/kg) or vehicle
wpitrated 21 days prior to sacrifice. (Vehicle=5; SLIT3=4). Values represent mean &
s.e.mn; P < 0.05 and ¥#P < 0.01 by anunpaired two-tailed Stodent’s 7-test or by one-
way ANOVA followed by a Tukey's posttest 1n all panels.

{0025] FIG. 17A-17C show that SLIT3 doss not divectly regolate osteohlast
differentiation or activity. FIG. 17A-1 graphically ithustrates body weight of 1-month
old §7it3” mice and littermate controls (1M, n=4). FIG. 17A-2 graphically illustrates
body weight of 3-month old §7it3” mice and littermate controls (3M, r>5). FIG. 17B-1
graphically illustrates the wabecular osteoclast purber/bone perimeter (No. Oc/B. P
of the L3 vertebrae in S837 mice {1=7) and littermate controls mice {n=7) at 6-weeks
of age. FIG. 17B-2 graphically illustrates ELISA results for type T collagen carboxy-
terminal telopeptide (CTX) levels in serum samples collected from S%¢37 mice (n=8)
and littermate controls (n=0) at 6 weeks of age. FIG. 17C-1 graphically illustrates
quantitative real-time PCR analysis of Sp7 expression fevels in mouse primary
osteoblasts derived from neonatal §/i23” mice and littermate controls (n=4 per group)
after 6 days of culture under osteoblast differentiation conditions. FIG. 17C-2
graphically illustrates quantitative real-time PCR analysis of Runx2 expression levels in
mouse primary osteoblasts derived from neonatal $1i23” mice and littermate controls
(n=4 per group) after 6 days of culture under osteoblast differentiation conditions. FIG.
17C-3 graphically illustrates guantitative real-time PCR analysis of /bsp expression
levels in monse primary osteoblasts derived from neonatal §7i#3” mice and fittermate
controls (n=4 per group) after 6 days of culture under osteoblast differentiation
conditions. FIG. 17C-4 graphically illustrates quantitative real-tirae PCR analysis of
Relap expression levels in mouse primary osteoblasts derived from neonatal SH3” mice
and littermate controls (n=4 per group) after 6 days of culture under osteoblast
differentiation conditions. FIG. 17D graphically illustrates alkaline phosphatase (ALP)
activity in mouse primary osteoblasts derived from neonatal SH137 and littermate
control muce (n=3)} after 6 days of cultire under osteoblast differentiation conditions.
FIG. 17E-1 shows a mineralization assay of mouse primary osteoblasts derived from
neonatal §7i#3” and littermate control mice (n=5) after 6 days of cuiture under osteoblast
differentiation conditions. FIG. 17E-2 graphically illustrates results of a mineralization
assay of mouse primary osteoblasts derived from neonatal §1i#3” and lttermate control
nice (n=3) after & days of culture under osteoblast differentiation conditions. FIG. 17F
graphically illustrates results of an ALP activity assay in human mesenchymal stromal
cells wreated with different doses of recombinant SLIT3 after 6 days of osteogenic
culture. Values represent mean + s.e.m; 8., not significant and *P < 0.05 by an

unpaired two-tatled Student’s #-test or by one-way ANOVA followed by a Tukey’s
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posttest in all panels. FIG. 17G graphically dlustrates results of an ALP activity assay in
human mesenchymal stromal cells treated with different doses of recombinant Robol-
Fe after 6 days of osteogenic culture. Values represent roean & s.e.m.; n.s., not
significant and ¥ < 0.05 by an unpaired two-tailed Stodent’s #-test or by one-way
ANQOVA followed by a Tukey’s posttest in all panels,

{0026 FIG. 14A-18F illustrate that ablation of S/e3 in osteoblasts impairs
osteogenesis and angiogenesis in vivo. FIG. 184 ilhustrates protein levels of SLIT3 in
primary osteoblasts collected from Si#3” mice subsequently transduced with Cre
expressing or control leptivirus. FIG. 18B shows representative uCT ruages of the
trabecular bone in the distal fernur in SG3Y (n=4) and SH37" mice (n=6) at 8-weeks of
age. Scale bars, Trm. FIG. 18C-1 graphically illustrates bone volume/total volume in
Sii3™ (n=4) and S1ir3"" mice (1=6) at 8-weeks of age. FIG. 18C-2 graphically illustrates
cortical bone thickness in 81i#3" (n=4) and §1i13" mice (n=6) at 8-weeks of age. FIG.
18D-1 shows representative pC'T images of the trabecular bone in the distal femur in
S#it3™ (n=6) and 873" mice (1=6) at 8-weeks of age. Scale bars, 1mm. FIG. 18D-2
graphically illustrates bone volume/total volume in 863" (n=6) and S{it3*"*! mice (=6}
at 8-weeks of age. FIG. 18E-1 shows representative flow cytometry plots within the
Terl 197, CD45 cell fraction isolated from the fenwr of 2-week-old $H:37 and Slir39w!
raice {n=4 per group). Yalues represent mean * s.em; *P < 0.05 and **P < 0.0 by an
unpaired two-tailed Student’s #-test in all panels. FIG. 18E-2 graphically iHlustrates the
refative frequency of CD31"Emcn™ endothelial cells within the Ter! 197, CD45 cell
fraction isolated from the femur of 2-week-old 573" and 573" mice (=4 per
group). Values represent mean & s.e.an; ¥P < 0.05 and *#£ < 0.0] by an uapaired two-
tailed Student’s ¢-test in all panels.

0627} FIG. 19A-198 show that skeletal functions of S7iz3 do not map 1o
endothelial cells or neurons. FIG. 19A-1 shows representative uCT images of the
trabecular bone 1n the distal ferour and quantitative analysis of bone volume/total
vohume in 5737 (n=6) and 513 mice (=5} at 8-weeks of age. Scale bars, 1mm.
FIG. 19A-2 graphically illustrates bone volume/total volame in 13" (n=6) and
STir3™ mice (n=5) at 8-weeks of age. FIG. 19B-1 shows representative pCT images of
the trabecular bone in the distal femur of SH3™ (n=8) and $H3”7 mice (n=6) at &-
weels of age. Scale bars, Tmm. Values represent mean + s.e.nv; n.s., not significant by
an unpaired two-tailed Student”s r-test in all panels. FIG. 19B-2 graphically illustrates
bone volume/total volume in 737 (n=5) and $H39 mice (n=6) at B-weeks of age.
Scale bars, 1mm. Values represent mean + s.e.ni.; n.s., not significant by an unpaired

two-tailed Student’s ¢-test in all panels.

14



WO 2019/161136 PCT/US2019/018115

{0028] FIG. 20A-20H tlustrates that ROBO1 is a key receptor of SLIT3 signals
regulating skeletal angiogenesis and bone mass accrual. FIG. 204 is a heatmap of
SLIT/ROBO expression from three sets per genotype of independently derived
CD31MEMCNY endothelial cells sorted from Shn3™ and Shn3*"/ mice. FIG. 208
graphically ilustrates results of quanntative real-time PCR analysis of Robol-4
expression in murine ostecblasts using a mrine total brain RN A preparation as a
positive control, (n=4). FIG. 20C graphically illustrates results of quantitative real-time
PCR analysis of Robel-4 expression in mine osteoclasts using a mwrine total brain
mBRNA preparation as a positive control, (n=4). FIG. 20D-1 shows representative uCT
images of the trabecolar bone in the distal femur metaphysis of wabecualar bone mass
{right) in Robol™ and Robo ™ mice at 6-weeks of age (male, n>6). FIG. 20D-2
graphically illustrates quantitative analysis of trabecular bone mass (right} in Robol™
and RofoI™" mice at 6-weeks of age (male, n>6). FIG. 20E-1 shows representative pCT
images of the trabecular bone in the distal fermur metaphysis of Robod™” and Robod™
mice at 6-weeks of age (male, n=0). FIG. 20E-2 graphically illustrates quantitative
analysis of trabecular bone mass in Robod™ and Robod™ mice at 6-weeks of age (male,
n=6). FIG. 20F shows representative flow cytometry plots of CD31MEMCNY
endothelial cells and a heatmap of SLIT/ROBO expression from two sets per genotype
of independently derived CD3I*EMCNY endothelial cells sorted from Robol ' and
Robol” mice. FIG. 20G-1graphically iliusirates mRINA levels of Robel in mouse
EPOCs expressing a control vector or Robel shRNA. Values represent mean + s.e.m.;
n.s., not significant and * < 0.05 by an vnpaired two-tailed Student’s ¢-test in all
panels. FIG. 20(-2 shows protein levels of Robol in mouse EPOCs expressing a
control vector or Robol shRNA. Values represent mean & s.e.im; n.s., not sigmficant
and *£ < 0.05 by an unpaired two-tatled Student’s ¢-test in all panels. FIG. 20H-

L graphically ilustrates mRNA levels of Robo? in mouse EPOCs expressing a control
vector of Robol shRNA. Brain 1s included as a positive control for RoboeZ expression.
Values represent mean & s.e.m.; 1.s,, not significant and *# < 0.05 by an uppaired two-
tailed Student’s ¢-test in all panels. FIG. 20H-2 illustrates protein levels of Robol in
nwuse EPOCs expreasing a control vector or Robof shRNA. Brain is included as a
positive control for RoboZ expression. Values represent mean + s.e.m.; n.s., not
significant and *F < 0.05 by an unpaired two-tailed Student’s ¢-test in all panels.
{0629] FIG. 21 A-21D shows that the hippo pathway is a key mediator of
SLIT3/ROBOL- induced tube formation. FIG. 21A-1 shows representative images from
EPOCs transduced with a Robol or control shRNA, treated with SLIT3 or FGF2, and
subjected to a Matrigel tube formation assay. n=5 per group. FIG. 21A-2 graphically

ithustrates tube branch numbers for EPOCs transduced with a Robol or control shRNA,
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teeated with SLIT3 or FGF2, and subjected to a Matrigel tube formation assay. n=3 per
group. FIG. 21B-1 shows an immunoblot of EPOC proteins after EPOCs were
transduced with a conrol shRNA, where immunoblotting was conducted with the
indicated antibodies after SLIT3 treatment. FIG. 21B-2 shows ap tromunoblot of EPOC
proteins after EPOCs were transduced with a Bobo/ shRNA, where immunoblotting
was condocted with the indicated antibodies after SLIT3 treatment. FIG. 21C llustrates
protein levels of YAP as deterrined by imowmnoblotting of mouse EPOCs expressing a
Y AP or control shRNA, FIG. 21D-1 shows a Matrigel tube formation assay where
EPOCs were first transduoced with a Robol or control shRNA, then weated with SLIT3
or FGF2, and placed in a Matrigel tube formation assay; n=5 per group. Scale bars,
100pm. Values represent mean & s.e.m.; n.s., not significant, *£ < 0.05, **F < 0.01 and
#EE < 0.001 by a one-way ANOVA followed by a Tukey’s posttest in all panels. FIG.
21D-2 graphically illustrates tube branch numbers formed in a Matrigel tube formation
assay by EPOCs that were first transduced with a Robol or control shRNA, then treated
with SLIT3 or FGF2, and placed in a Matrigel tube formation assay; n=5 per group.
Scale bars, 10001 Values represent mean & s.e.m.; n.s., not significant, *P < 0.05, **P
< 0.01 and ***P < 0.001 by a one-way ANOV A followed by a Tukey’s posttest in all
pancls.

{60341 FIG. 22A-22R lustrate that interaction between 5573 and Shn3 nul] alleles
is intrinsic to osteoblasts. FIG. 22A-1 shows representative pCT tmages of the
trabecular bone in the distal feniar metaphysis of 8-week-old O8X cre mmice. Scale bar,
f . FEG. 22A-2 shows representative pCT images of the trabecular bone 1 the distal
ferour metaphysis of 8-week-old OSX cre-5i13" mice. Scale bar, . FIG. 22A-3
shows representative pCT images of the trabecular bone in the distal fernmur metaphysis
of 8-week-old Osx cre-Shn3™ mice. Scale bar, Iramn. FIG. 22A-4 shows representative
uCT mmages of the rabecular bone 1o the distal ferawr metaphysis of B-week-old 05X
cre-Siit3 ¥ Shn3 7 mice. Scale bar, Imn. FIG. 228 graphically illustrates BV/TV
analysis of 8-week-old 05X cre, 05X cre-St, Osx cre-Shn¥™ and OSX cre-Skit3

7 8hn3 7 mice.

{0631} FIG. 23A-23B SLIT3 is expressed in osteoblasts present in homan fracture
callus tissue. FIG. 23 A shows an image of a human facture callos that was
immmnohistochemically stained for SLIT3. Scale bars, 100um. FIG. 238-1 shows an
inzage of a human fracture callus that was H&E stained. Scale bars, 100pm. FIG. 23B-2
shows an image of a human fractore callus that was immunchistochemically stained for
CD31. The tmages shown for FIG. 23B-1 and 23B-2 were from serial sections from

human fracture callus tissue. Scale bars, 100um.

16



WO 2019/161136 PCT/US2019/018115

[0032] FIG. 24A-24C illustrates that systemic administration of SLIT3 enbances
bone-fracture healing. FIG. 24 A graphically illustrates the quantity of EMCN-positive
vessel volume/total volume (Relative vessel volume (%)) in a callus area as determined
by histomorphometry of femurs 21 days after fracture in male Shn3** 8113 ™, Shn3*"
Stit2”, Shn3” Si3™ and Shn3” SHt3” wice. FIG. 248 graphically illustrates the
stiffness determined by bio-mechanical testing of fermurs 21 days after fracture in male
Shn3** SE3™, Shn3*™* Skit3”, Sha3” §lit3™ and Shn3” Ski3” yaice. FIG. 24C shows
images of fracture callus tissue in roice treated with TV injection of SLIT3 or vehicle
and at 21 days post-fracture catlos tissue was harvested and immunostained for CD31
and EMCN. Scale bars, 100um, n=3 per group. Valoes represent mean  s.eam.; P <
0.01 and ¥**£ < 0.001 by one-way ANOVA followed by a Tukey’s postiest in all
panels.

§00:331 FIG. 25A-25D iflustrates that systemic administration of SLIT3 does not
cause abnormalities in the amount or morphology of non-skeletal vasculature. FIG. 25A
shows representative confocal images of retinal flat-mounts of 8-week-old mice stained
with ve-cadherin (green) from mice 21 days post-fracture with IV injection of 5LIT3 or
Vehicle. Scale bars, 500uny, n=3 per group. FIG. 258 shows representative confocal
images of heart, kidney and lung sections stained for endomucin (red) and 47,6~
diamidino-2-phenylindole {DAPI, blue) from mice 21 days post-fracture with IV
injection of SLIT3 or Vehicle. Scale bars, 100um, n=3 per group. FIG. 25C shows
representative images of the whole brain sections stained for ncurofilament-M (NF-M,
green) and Nisst (red) from moice 21 days post-fracture with 1V injection of SLIT3 or
Vehicle. Scale bars, 500um, n=3 per group. FIG. 25D shows representative images of
the whole brain sections stained for neurofilamnent-M (NF-M, green) and Nissl (red)
from uice 21 days post-fracturre with 1V injection of SLIT3 or Vehicle, where the boxed
areas of the upper images are shown with higher magnification below. Scale bars,
S00um, n=3 per group.

{0034 FIG. 26A-26F illustrates that local delivery of SUIT3 enhances bone-
fracture healing. FIG. 26A shows representative uCT images of mouse femurs
harvested 21 days post-fracture with insertion of a gelatin sponge soaked with SEIT3 or
vehicle. A no sponge controd is inchuded. Scale bar = | mam. FIG. 26B shows
representative image of CD31 and EMCN (red) dual immnostained callus sections of
mowse fermurs 21 days post-fracture with insertion of a gelatin sponge soaked with
SLIT3 or vehlucle at the time of fracture. Scale bars, 300un, n=3 per group. FIG. 26C
shows representative confocal images of retinal flat-mounts of 8-week-old mice stained
with ve-cadherin (green). Retinas were harvested from mice 21 days post-fracture with

implantation of a gelatin sponge soaked with SLIT3 or vehicle at the time of fractare.
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Scale bars, 500um, =3 per group. FIG. 26D shows representative images of the whole
brain sections stained for newrofilament-M (NF-M, green) and Nissl (red). Brains were
harvested from mice 21 days post-fracture after imoplantation of a gelatin sponge soaked
with SLIT3 or vehicle. Scale bars, 500pm, o=3 per group. FIG. 26E shows
representative pCT boages of mouse femurs. Mice were subjected to femoral fracture
created by a midshaft ostectomy which was sabsequently stabilized by an
wntramedullary rod. At the time of fracture, a hydrogel constract containing SLIT3 ora
control gel construct only contaiming PBS vehicle were implanted at the periosteal
surface near the site of fracture. FIG. 26F shows representative uCT images of mouse
femurs. Mice were subjected to femoral fracture as described for FIG. 26E and a
construct including a SLIT3-containing collagen sponge or a PBS vehicle containing
control collagen sponge was similarly implanted at the fracture site. SLIT3-ehuting
collagen sponges were also supplemented with additional targeted injection of SLIT3
performed into collagen sponge 7 days after fracture (FI1G. 26F, right)

{00351 FIG. 27A-27F itlustrate that SLIT3 has preventive effects in the
ovariectomized (OVX) mouse model. FIG. 27A shows representative images of the
uterus from sham-operated (Sham) and ovariectomized (OVX) mice. Scale bar, 500um.
FIG. 27B graphically illustrates quantitative analysis of uterus weight in Sham and
OVX mice. FIG. 27C-1 graphically illustrates cortical bone thickness of distal formoral
metaphyseal regions from mice after shan operation, OVX and OVX with SLIT3
injection. FIG. 27C-2 graphically illustrates trabecular mumber (Th. N} of distal femoral
raetaphyseal regions from mice after sham operation, OVX and OVX with SLIT3
igjection. FIG. 27C-3 graphically illustrates trabecular thickness (Tb. Th) of distal
feraoral metaphyseal regions from mice after sham operation, OVX and OVX with
SLIT3 imection. FIG. 27C-4 graphically illustrates trabecular bone space {Th. Sp) of
distal femoral metaphyseal regions from mice after sham operation, OVX and OVX
with SLIT3 injection. FIG. 27D shows representative confocal images of CDI31 (green)
and endormucin (red) dual-trorounostained bone sections of the L3 vertebrae from mice
after sham operation, OVX or OVX with SLIT3 injection. GP, growth plate. Scale bars,
300um. FIG. 27E-1 graphically illustrates periosteal bone formation rates/bone surface
(BFR/BS, mm’ mm™ yr'') of the L3 vertebrae from mice after sham operation, OVX or
OVX with SLIT3 injection. FIG. 27E-2 graphically illustrates endosteal bone formation
rates/bone surface (BFR/BS, mm’ mm™ yr') of the .3 vertebrae from mice after sham
operation, OVX or OVX with SLIT3 imjection. FIG. 27F-1 graphically illustrates
osteoclast number/bone perinieter (No. Oc./B. Pny in the endosteum of the L3 vertebrae
from mice after sham operation, OVX or OVX with SLIT3 injection. FIG. 27F-2

graphically illustrates osteoblast surface/bone surface (Ob.S/BS, %) in the endosteum of
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the 1.3 vertebrae from mice after sham operation, OVX or OVX with SLIT3 injection.
Values represent mean & s.eom.; ¥ < 0.05 apd #*P < 0.01 by one-way ANOV A
followed by a Tukey’ s posttest in all panels.

{0036] FIG. 24A-28C Mustrate that SLIT3 has therapeutic effects in the
ovariectomized (OVX) mouse yoedel. FIG, 28A shows representative pCT images of
the trabecular bone in the distal femur of mice after sham operation, OVX, or OVX with
SEIT3 ingection. Scale bar, lrara. FIG. 28B-1 graphically illustrates bone volume/total
volume in raice after sham operation, OVX, or OVX with SLIT3 igjection. FIG, 28B-2
graphically iHustrates cortical bone thickness 1n mice after sharm operation, OVX, or
OVX with SLIT3 injection. FIG. 28C shows represemtative flow cytometry dot plots
and relative frequency of CD31"Emen” endothelial cells of the femur in mice afier
sham operation, OVX and OVX with SLIT3 injection. Expanded views of such
representative flow cytometry dot plots are shown in U.5. Provisional Patent
Application Ser. No. 62/630,557 filed February 14, 2018 {(which is incorporated herein
by reference in its entirety). Values represent mean £ s.e.m; *£ < 0.05, ¥**P < 0.01,
¥EEP < (0.001 and **#*P < 0.0001 by one-way ANOV A followed by a Tukey’s posttest
in all panels.

§BG371 FIG. 20A-29E illustrate SLIT2 expression and function in the skeletal
systemn. FIG. 29A shows uCT images of bone present 1o a fracture callus of mice. Five-
week-old mice underwent 2 midshaft osteotomy mode] of femoral fracture and were
subsequently treated with recombinant SLIT2 delivered at 1mg/kg for cach of 3-weekly
IV injections or vehicle injections for a total period of 3 weeks. At the end of this
period, effects on bone healing were determined by uCT of the fracture site. Shown are
representative 3-dimensional reconstructions of pCT tmages. FIG. 298 graphically
tlustrates quantitation of the relative amount of bone present in the fracture callus for
the bones described in FIG. 29A. FIG. 29C shows representative 3-dimensional
reconstructions of uCT tmages of trabecular bone (B, BV/TV, bone volume/total
volume). FIG. 29D graphically Hhustrates quantitation of the relative amount of bone
present in trabecular bone (B, BV/TV, bone volume/total volume). For FIGs. 298 and
29C, 12-week old male mice with a conditional deletion of 52 1 osteoblast cells
mediated by osxterix-cre ($4i12°% mice) were imaged and underwent analysis of bone
mass by pCT. FIG. 29E-1 shows representative images of Alizarin red staining of
human bone stromal cells infected with lentivirus expressing 57112 shRNA, 543
shRNA, Robol shRNA or a GFP-targeting control shRNA coltured under osteogenic
conditions for 21 days. FIG. 29E-2 graphically illustrates quantitative relative

mineralization capacity in human bone stromal cells infected with lentivirus expressing
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Slit2 shRNA, Slit3 shRNA, Robol shRNA or a GFP-targeting control shRNA cultured
uader osteogenic conditions for 21 days.

{O038] FIG. 30A-30B illustrates SLIT3 functions in ostecblasts to regulate bone
mass. FIG. 30A-1 shows representative images of trabecular bone from three-week old
Stit 2" and S1ir3** moice. FIG. 30A-2 graphically illustrates trabecnlar bone mass (%
BV/TV) of three-week old $7it37 and 8712 roice. FIG. 30B-1 shows representative
images of trabecular bone from twelve-week old 87it37 and 57ir3° yoice. FIG. 30B-2
graphically illustrates trabecular hone mass (% BV/TV) of twelve-week old SIis37 and
STir3™ mice. Mice of the wdicated genotypes were sacrificed at 3 and 12 weeks of age
for FIGs. 30A and 30B, respectively. Trabecular bone mass was determined by pCT of
the fernur.

{6039] FIG. 31 shows that systemic treatment with SLIT3 induces vascular leakage
in retinal vasculatiwe. Five-week old mice were treated with recombinant SLIT3
delivered at Img/kg for each of 3 weekly IV injections or vehicle injections for a total
period of 3 weeks. PE-tagged dextran (red) was infused prior to sacrifice to measure
vascular permeability and retinal vessels were visualized by infusion of FITC tagged
anti-CDHS antibodies {green). Retinal vessel morphology (green) and permeability
(red) were visualized by fluorescence microscopy of retinal mounts.

{0046] FI1G. 32 schematically illustrates the strategy used for flow cytometry for
analysis of osteoclast progenitor (OCPs).

[0041] FIG. 33A-33E illustrate that SLIT3 is dispensable for osteoclastogenesis in
vitro. F1G. 33 A graphically illustrates mRNA expression of 81§13 in BMMs treated with
RANKL for up to three days, as measured by guantitative real-time PCR analysis,
where brain tissue was used as a positive control. {n=3). FIG. 33B shows an
iramuneblot diustrating SLIT3 protein expression in BMMs treated with RANKL for
two days, where the whole brain lysate from 87ir3"" and 8773”7 mice as the positive and
negative control. FIG. 33C graphically iliusirates mRNA expression of Niftacl, figh3,
Dcestamp, Crsk, Calcr and Trap wn BMMs treated with RANKL for three days as
meastred by quantitative real-time PCR analysis. FIG. 3311 shows osteoclast
differentiation using WT BMMs stiroulated with RANKL and recombinant SLIT3 for
three days. TRAP staining was performed and the area of TRAP-positive multinucieated
cells (MNCs) (>3 nuclei/cell) per well relative to the WT control was calculated. FIG.
33D3-2 graphically illustrates numbers of osteoclasts per well. FIG. 33E-1 shows
representative images of osteoclasts cultired 1n the presence of various concentrations
of SLIT3. FIG. 33E-2 graphically illustrates the numbers of osteoclasts per well in

cultures described for FIG. 33E-1.
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[00642] FIG. 34A-34F illustrate that deletion of SLIT3 results in normal bone
volume and normal osteoclast numbers in vivo. FIG. 34A-1 illustrates flow cytometric
analysis of in vive osteoclast precursor populations of SHz3™* and SIit37 mice.
Representanve flow cytometry plots for each experiment are shown. FIG. 34A-2
graphically illustrates the frequency of osteoclast precarsors in 563" and 5113”7 mice.
FIG. 34B-1 illustrates the amount of osteoclast precursors in $7it3” mice and in Sie3”
mice bred to cre-deleter strains targeting osteoblasts via O8X-cre (ST 37" mice). FIG.
34B-2 graphically illustrates the frequency of osteoclast precursors in ${ir37 and §7i13°5
mice. FIG. 34C-1 illustrates the amount of osteoclast precursors S#437 mice and in
St mice that were bred to a cre-deleter strain targeting mature osteoclasts, CTSK-cre
(813", FIG. 34C-2 graphically illustrates the frequency of osteoclast precursors in
Siit3" and Sie3”* mice. FIG. 34D-1 shows images of osteoclast differentiation utilizing
osteoclast precursor cells isolated from $/it3°" mice and $1it37. FIG. 34D-2 graphically
illustrates the numbers of osteoclasts per well generated from cultures of cells isolated
from §1ir3** mice and 8137, FIG. 34B-1 shows representative micro-CT images of the
distal femurs isolated from 5-week-old male Sfz3°* mice and Sli/3” mice. FIG. 34E-2
graphically illustrates femoral bone volume over total volume (BV/TV) of rabecular
bone of the distal fenwrs isolated from 5-week-old ltiermate male S7ir3°* mice and
Siit3" mice. FIG. 34E-3 graphically illustrates cortical bone thickness of the distal
fernurs isolated from 5-week-old littermate male $7:3° mice and S7it3” mice. FIG.
34E-4 graphically iliusirates bone morphometric analysis (trabecular mumber (Th. N}j of
trabecular bone of the distal femurs isolated from S-week-old littermate male 5713
mice and §7it3” mice. FIG. 34E-5 graphically illustrates bone raorphometric analysis
(rabecular thickness (Th. Thy) of trabecular bone of the distal ferours isclated from 3-
week-old littermate male §7i23° mice and SHe3” mice. FIG. 34E-6 graphically
ilfustrates bone morphometric analysis (trabecular space (Th. Sp) of trabecular bone of
the distal femurs isolated from 5-week-old littermate male SH3 mice and 87ir3" mice.
{0043] FIG. 35A-35D show that chimeric mice lacking SLIT3 in BM cells exhibit
anormal bone phenotype and skeletal vasculatare. FIG. 35A 15 a schematic dlagram
iHlustrating the protocol for a BM transplantation experiment. FIG. 358 shows
representative micro-CT images of trabecular bone from the distal femurs 1solated from
WT mice with bone marrow transplantation derived from 533" and 8£i£3” mice. FIG.
35C-1 graphically illustrates BV/TV of trabecular bone of the distal femurs 1solated

Q-

from §1it3" and Siir3" mice. FIG. 35C-2 graphically illustrates cortical bone thickness

of trabecular bone of the distal fenmrs isolated from Sii3™" and S1ir3" mice. FIG. 35C-
3 graphically illustrates bone morphometric analysis (trabecular mamber (Th. Nj} of

trabecular bone of the distal fermurs isolated from S$H3™ and 5437 mice. FIG. 35C-4
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graphically illustrates bone morphometric analysis (frabecular thickness (Th. Th)) of
trabecular bone of the distal femurs isolated from §7i22" and SH13™" mice. FIG. 35C-5
graphically illustrates bone morphometric analysis (trabecular space (Th. Sp)) of
trabecular bone of the distal femurs isolated from S7i72™" and SHi37 mice. FIG. 35D
shows histomorphormetry and immunofinorescence staining of SLIT3 from osteoclast
lineage cells illostrating that neither osteoclast numbers nor bone vasculature were
altered by bone marrow transplaptation and the absence of SLIT3 from osteoclast
lineage cells.

Detatled Description
[0044] In the following description, reference is made to the accompanying
drawings that form a part hereof, and in which is shown by way of illustration specific
embodiments which may be practiced. These embodiments are described in detail to
enable those skilled in the art to practice the invention, and it is to be understood that
other embodiments may be utilized and that fogical changes may be made without
departing from the scope of the present invention. The following description of
example embodiments is, therefore, not to be taken in a limited sense, and the scope of
the present invention is defined by the appended claims.
{0045] The Abstract is provided to comply with 37 C.F.R. §1.72(b) to allow the
reader to guickly ascertain the nature and gist of the technical disclosure. The Abstract
is submitted with the understanding that it will not be used to interpret or imit the scope
or meaning of the claims.
[0046] Recent studies have identified a specialized subset of CD3 PPEMCN™
vascuiar endothelivin that regulates bone formation. However, it renwins unclear how
CD3EMCN® endothelium levels are coupled to anabolic bone formation. Analysis of
a strain of mutant mice with elevated bone formation, $hn3” mice, demonstrated an
increase in CD31MEMCNY endothelium that cell-specific genetic models mapped to
osteoblasts.
{0047] Transcriptoniic analysis identified SLIT3 as an osteoblast derived, SHN3-
regulated proangiogenic factor, and absence of §7i13 reduced skeletal CD31MEMCNY
endothelium, resulted in low bone mass due to tmpaired hone formation, and partially
reversed the high bone mass phenotype of $hn3™ mice. This coupling between
osteoblasts and CD31"EMCN" endothelium is essential for bone healing, as shown by
defective fracture repair in SLIT3-mutant mice and enhanced fracture repair in SHN3-
mutant wice. Drogs that target the SLIT3 pathway are a novel class of vascular-targeted
osteoanabolic therapy as administration of recombinant SLIT3 both enhanced bone-
fracture healing and counteracted bone toss in a mouse model of postimenopausal

OSLEeOPOrosis.
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{0048] SLIT agonists are an enfirely novel class of pro-anabolic agents distinct
from all existing drugs, as SLITs do not act directly on osteoblasts but rather indirectly
promote bone formation by enhancing the formation of type H endothelium in bone, a
specialized subtype of blood vessels that promote bone formation. This means that
SEITs will hkely have a distinct set of advantages versus all existing agents. Due to the
known importance of blood vessels in fracture healing, we propose that this indication
and other related orthopedic bone repair applications potentially represent a umique
application for SLITs. In this respect, they may also fonction as growth factors applied
locally to a site where enhanced bone repair is desired in a manner similar
recombinant BMFs.

{3049] Impaired fracture healing 1s observed in elderly patients, patients with
systemic vascular diseases such as diabetes, patients with inflammatory disorders or
chronic infection, or in patients with large tranmatic bone defects (Buza and Einhorn
2016}, For these classes of patients, a single bone fracture often resalts in many years
of pain, severely impaired mobility and numerous attempts at surgical management of
their fracture. From this perspective, developing a means for medical therapy to
promote fracture healing is urgently needed. Interestingly, the phenotypes observed
with disruption of the SHN3/5LIT3 axis may extend beyond simply promoting more
bone formation, as the fracture calius observed in SHN3-deficient mice was markedly
more mature, including displaying overall more matire lamellar bone in addition to
enhanced recruttment of hematopoietic clements to the callus. Conversely, SLIT3-
deficient mice displayed an arrest at early stages of fracture callus matiration,
displaying a lack of propagation of the mineralization sites on either side of the callus.
{66561 We have demonstrated that exogenous SLIT3 promotes bone fracture
healing and prevents bone loss in a model of postmenopausal osteoporosis. Notably,
these findings contrast with a prior in vitro situdy indicating that SLIT2 suppresses
osteoblast differentiation in vitro (Sun et al. 2009). These results show that agents
targeting bone vasculature represent a novel class of bone anabolics and that vascular-
targeted anabolics may have a synergistic or coraphmentary effect when used in
combination with an osteoblast targeted anabolic such as a PTH analogue or an anti-
SOST antibody.

{0651] Development of new categories of bone anabolic agents is especially
important given the current Himitations on the maxiown duration of therapy with PTH-
based anabolic agents. Likewise, in light of increasing evidence establishing that
osteoporosis drugs can be used in 2 sequential or combination manner to ohtain supenor
chnical outcomes, having therapentic access to a larger diversity of anabolic pathways is

highly desirable (Leder et al. 2015). Further enhancement of the magmitude of SLIT3
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offect is possible by optimization of dosing and delivery strategies. For instance, bone

¢

targeting strategies such as a bisphosphonate conjugation or (AspSerSerjs-liposomes
and Aptamer-functionabized lipid nanoparticles may enhance the potency or anabolic
effects of SLIT3 by increasing the fractional distibution to bone {Zhang, Guo, ot al.
2012, Liang et al. 20135, Guan et al. 2012, Yao et al. 2013).

Subjects

{0652] The subject may be any apimal, including 2 buman or non-human animal.
Nen-human animals include all vertebrates, e g, mammals and non-maramals, such as
nop-human primates, sheep, dogs, cats, cows, horses, chickens, amphibians, and
reptiles, although mammals are preferred, such as non-luman primates, sheep, dogs,
cats, cows and horses. The subject miay also be lvestock such as, cattle, swine, sheep,
poultry, and horses, or pets, such as dogs and cats.

{0053] Preferred subjects include human subjects, for example, those in need of
preventing bone loss or of pronoting bone growth, strengthening, or healing, or in need
of preventing bone growth. The subject can be diagnosed with such a condition by
skilled artisans, such as a medical practitioner.

[0634] The methods described herein can be employed for subjects of any apecies,
gender, age, ethnic population, or genotype. Accordingly, the terni subject includes
males and females, and it includes clderly, elderiy-to-adult transition age adult subjects,
adult-to-pre-adult transition age subjects, and pre-adults, including adolescents,
children, and infants.

{O055] Examples of human ethnic populations include Caucasians, Asians,
Hispanics, Africans, African Americans, Native Americans, Semites, and Pacific
Isianders. The methods described herein may be more appropriate for some ethnic
populations such as Caucasians, especially northern European populations, as well as
Asian populations.

{0656] The term subject also includes subjects of any genotype or phenotype. For
example, any subject in need of treatment as described herein can be provided with such
teeatment.  In addition, the subject can have the genotype or phenotype for any hair
color, eye color, skin color or any combination thereof.

{0057] The term subject includes a subject of any body height, body weight, or any
organ or hody part size or shape.

{0658] A subject in need of prevention of bone loss or of promoting bone
growth, bone sivengthening, or bone healing includes a subject who has experienced
a bone defedt, fracture or break, a tooth replacement, either replacement of a subjects’
own tooth or a prosthetic tooth, or ameliorate symptoms of an ongoing condition, such

as for example, bone loss associated with, for example peri-menopanse or menopause,
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The fracture or defect be congenital, a result of aging, of an accident, or a surgical
procedure. It may for example the result of a bone or spine fusion procedure, or a tiunor
resection, or any procedure where bone may he resected or drilled, including the
placements of tuplants or other medical hardware in or on any bone, including but ot
lirited to spine, knee, and hips. The sabject may have received a bone graft. The
subject may have a critical size defect, or a persistent non- or partial-upion following 2
fracture. The subject may have a disease or condition that causes hone foss or
degradation, such as ostecarthritis or rheumatoid arthritis or osteopaorosis, inchiding
wdiopathic osteoporosis, secondary osteoporosis, transient osteoporosis of the hip,
osteomalacia, skeletal changes of hyperparathyroidism, chronic renal failure (renal
osteodystrophy), osteitis deformans (Paget’s disease of bone), osteolytic metastases, and
osteopenia in which there is progressive loss of bone density and thinning of bone
tissue. Osteoporosis and osteopenia can result not only from aging and reproductive
status but can also be secondary to mumerous diseases and disorders, as well as doe to
prolonged use of numerous 1nedications, e.g., anticonvulsants, corticosteroids, and/or
iramunosuppressive agents. Other diseases in which osteoporosis may be secondary
include, but are not limited to, juvenile rhenmatoid arthritis, diabetes, osteogenesis
iraperfecta, hyperthyroidisim, hyperparathyroidism, Cushing's syndrormae, 1nalabsorption
syndromes, anorexia nervosa and/or kidney disease. In addition, numerous behaviors
have been associated with osteoporosis, such as, prolonged inactivity or immobility,
inadequate matrition (especially calcium, vitamin D), excessive exercise leading to
araenorvhea (absence of periods), smoking, and/or alcobol abuse. The subject may have
any disease or condition known in the art wherein bone growth, hone strengthening, or
prevention of bone loss would be beneficial. This can also include applications to
enhance the integration of orthopedic hardware, such as vsed in joint arthoplasty, spinal
fusion, or internal or external fixation of bone with the surrounding bone to prevent
hardware loosening. Strmilar applications include counteracting the osteolysis observed
at the site of orthopedic implants due to implant wear particles, infection, inflammation
or other causes.

{6059] A subject in need of preventing bone growth includes subjects with
conditions in which there is premature fusing of two or mwore bones, or bone density is
too high, such as for example, craniosynostosis (synostosis), osteopetrosis (including
malignant infantile forn, intermediate form, and adult form), heterotopic ossification
secondary to burn, traumatic injury or other condition, fibrodysplasia ossificans
progressiva, osteitis deformans (Paget's disease of bone), primary extra-skeletal bone
formation, e.g., multiple miliary osteoma cutis of the face, and osteitis condensans, or

other diseases or conditions known in the art.
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SLIT3 ov SLITZ2 agents

{6060] For the purposes of this application, a SLIT3 or SLIT2 agent is a nucleic
acid or protein construct, wherein the SLIT 3 or SLIT2 nucleie acid expresses a SLIT3
or SEAT3 protein construct or pol ypeptide.

{00611 Oune example of a Homo sapiens SLIT3 protein sequence (e.g., with NCBI
accession nuniber AAQR243) is shown below as SEQ ID N(O:1.

1 MAPGWAGVGA AVRARLALAL ALASVLSGPP AVAUPTRCTC
41 SAASVDCHGL GLRAVPRGIP RNAERLDLDR NNITRITKMD
81 FAGLKNLRVL HLEDNQVSVI ERGAFQODLK(Q LERLRLNKNK

121 LOVLPELLEQ STPKLTRIDL SENQIQGIPR KAFRGITDVK
161 NLQLDNNHIS CIEDGAFRAL RDLE] NN NNLSR"LV 5
181 FNHMPKIRTL RLHSNHLYCD CHLAWLSDWL RORRIVGQET
2471 T”MRT”HTRC B YVCPAPHSEP PSCNANSISC
281 CTCSNNT IPANLPEGIV EIRLEQNSIK
32 iOA SAFTOY NOQISDIAPDA FOQGLKSLTSL
361 VLYGNKITEI LOLLLLNANK INCLRVNTEQ
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44 ”DLPLKWLHJ GARCSSPRRL hmhkl QIKS
4 KEFRCS MDLVCPEKCR r\T"-Fﬂ“\/’[-)r\ql\:
5 LVRIP DNEVSVLEAT GIFKKLPNLR
561 BTNLﬁNNKTb RMuAFD?A AQ\QF MLTGE NQLETVHGRY
601 wQCLSGLVTZ NTRONH¢QFU DTFAGLSS VRLLSLYDNR
641 ITTITPGAFT TLVSLSTINL LSNP_ CNCH LAWLGEWILRK
681 RRIVSGNPRC QKPFFLKEIP lQnVA’Q“WT CDGNEESSC
721 LSEPRCPEQCT TVVRCSN KGLRALPRGM PYUVMLLVTE
761 gNHLTAVPT? LSAL&%LILI -LSENS-QE‘ TNYTEFSNMSH
0L LSTLILSYNR LRCIPVHAFN GLRSLRVLTI HQNDTQQVPF
841 GSENDLTSLS HLALGW“’LH VDCSLRWTﬁﬁ WVKAGYKEPG
881 IARCSSPEPM DmTLLTTTT* HREFQCRGPVD lNiVA'CNA”
921 LSSPCKNNGT CTCDPVELYR CACPY DCTVPINTCI
961 ONPCQHGGTC HLSDSHKDGE SCsCP CRCEINPDDC
1001 EDNDCENNAT CVDGINNYVC ICPPN CDEVIDHECVP
1041 ELNLCQHEAK CIPLDKGFSC ECVPEG CETDNDDCVA
1081 HECRHGAQCV DTINGYTCTC PQGFSGPFCE HPPEMVLL
1121 SPCDOYECEN GAQCIVVQQE PTCRC?P'.“ GPRCEKLITV
1161 NEVGKDSYVE LASARKVRPOA NISLOVATDK DNGILLYKGD
1201 NDPLALELY(Q GHVRLVYDSL SS‘\TTVYSV TVNDGQFHS
1241 VELVTLNQTL NLVVDKGTPK SLGKLOKQPA VGINSPLYLG
1281 GIPTSTGLSA LRQGTDRPLG rFHJC HEVR INNELQODFKA
1321 LPPQSLGVEP GCKSCTVCKH GLCRSVEKDS VVCECRPGWT
1361 GPLCDQEARD PCLGHRCHHG KCVATGTISYM CKCAEGYGGD
1401 LCDNENDSAN ACSAFKCHHG QCHISDQGEP YCLCQPGFSG
1447 EHCQQENPCL GQVVREVIRR QKGYASCATA SKVPIMECRG
1481 GCGPQCCOPT RSKRRKYVEQ CTDGSSEFVEE VERHLECGCL
1521 ACS
[0062] Amino acids at plus or nims one (1) position of amino acid positions at

any of 565, 566, 662, 761, 784, 832, 853, 853, or 869 (highlighted above) within SLIT3
proteins (e.g. having SEQ ID NO:1) can be involved in substrate binding. Amino acids

at plus or minus one (1) position of amino acid positions at any of 956-994, 998-1031,

26
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9. having SEQ ID N(O:1) can be at

least part of a calciurn-binding EGF-like domain. For exarnple, amino acids at plus or

raimis one (1) position of amino acid positions at any of 1074, 1(
SLIT3 proteins (e.g.

(ion binding). Amino acids at plus or mimss one (

377, or 1091 within

having SEQ 1D NO:1) can be at least past of a calcium-binding site

1) position of armno acid positions at

any of 1123-1153 or 1466-1521 within SLIT3 proteins (e.g. having SEQ D NO:1) can

be at least part of an EGF-like domain. Amino acids at plas or minus one (1) position

of aminoe acid positions at any of 1188-1314 within SLIT3 proteins (e.g. having SEQ 1D

NO:1) can be at feast part of a Laninin G domain.

[8063]

is shown

An example of a nocleic acid that encodes the SEQ ID NO:1 SLIT3 protein

1 CeCaCTCCCe
41 SCAGAGG
81 CC?”GCVLLF

i
CCCGCCTG

C
alal
f]’(’l\; i I l\,

i
o
= ()
)]
10

. .

1 A(”ZC G

201 GCICCGCTIGE
241 CGCGGETICCT
28 GACCT h"u—‘ CA
3 AGACAA CAG
4 GACCT C

4471 AGCT@

481 GAAGCTC?
521 GGGA

561 AGAA

601 AGAT

641 ACCC

681 GCTT

721 CTCCAACCAC
761 TCGGATTGGC
801 CACTCTGCAT
841 GGCGGATGTG
881 CACTCGGAGC
921 GCCCTTCGCC
261 TCGAGGAAAG
1001 GAGGGCATCG
1041 AAGCCATCCC
1081 GAAGCGAATA
L1121 GC TCngATC
11061 TGGTCCTET
1201 ACTGT TGA‘
1241 AATGCCAACA
1281 AGGACCTGCA
1321 CAAGCTGCAG
1361 CAGTCCATCC
1401 'J "GCGACTG
1441 GGACAACCCC

CC GCGCCGAC

GCAAGAAGTT

{NCBT accession nomber AY3353884; SEG 1D NO:2

GCGCGCCTCC TCGGGCTCCA
CAGCCTCCTC C SAGCC
CGGGTGGGCA GGGGTCGET
GCGCTG TGGCGCT GG
CAGCC CTGCCCCACC
CAGCGTGGAC T GCCA 3(, C
CGGGGCATCC CCC CGC
GAAATAATAT CAC ATC
GCTCAAGAAC CTC [CT
rT "AGCGTCA TCG GG
CTAGAGCG AC TG
CCAGAA TTG TCC
CTAGATT TGAS ADA
GGCGTT CCGCGGLATC
GACAAC AACCACATCA
GAGCGC TGC \JCG/\ TT
ACAACAACAT FAC TC
TGCCGAAG
CTCTACT
TGCGACA
GGCTCCT
CAGAAGA
CCCCATCC
CTGCACG
GGC TT GA
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e
9]
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.;] {
\
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O]
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GAALCTCAAC .LGCT
ACCATCAGCA AGCG
AGACACTCCA CT“
CCACTTGAAG TGG
ATCGAGACAA GCG
TCGCCAACRA GCG
CCGCTGCTCA GGC

AAGTG

e T Ll
C AT L A=A
dalalal s ]\
N Y% \//\
slciole o~
CCGCCGTGCE

GAGCG

e
IREICIE]
P e

Gala

TCCGCCTCCA
doATvaT AL LA
e T 3 T

=L DL (s | O )

IGCCAGTTC
SGCCAGTTCA

GCTTCAA
COCRGECCOC
TCCATCTCCT
TCGTGGACT
ARCTTGCC

AL
4T e R
CTCCAT

~GT

Y3
')
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1561 CAGGTTCAGC AGCGAGIGCT
1601 GAGARGTIGIC GCTGTGAGGG CGATT GACTGCT
1641 ACCAGAAGCT CCGCATC
1681 TGTCACCGAC CIGCGACTGA
1721 CTGGCATCTT CAA JAAdTm" CCCAA

761 TCTGAGTAAC AATAAGAT AGGAGGTGCG
1801 TTCGATGGAG LZFCCAVFFL GCAGGAGCTG
1841 GGAACCAGCT G ””C”C\G

e e
(G119

Ty e

TGATGCTGA

CACCTTT
ERNENEG L)

0
[oo]
i

e
C,C,L CA
TGTG

CAGCTG

|-
[te]
oD N
fn

85
pﬁ

1961 C sTGAGACT GCTGTCCCTIC TATGACAATC
2001 CATCACCCCT GGGGCCTTCA CCACGCTIGT
CTCCCTGTCC TCCTGTCC AC
TGCAACTGCC GCTCGGCAAG TGGTTG.HGA

AGAGGCGGAT AACCCTAGGT CAGA KGC
ATTTTTCCIC CCATCCAGGA 'G?CCA

CAGGACTTCA CCIGTGATGG CAACGAGGAG AGTAGCTGC
AGCTGAGCCC GCGCTGCCCE GAGCAGTGCA CCIGTATGG
ACAGTGGETG CGATGCAGCA ACAAGGGG quT””Cm”
TGAuwFA TGCCCAAGGA TGITGACCGAG CTGTACCTGG
GAAACCA CCTAACAGCC TCCGC
CPWCCG CAC CTGACGCTTA TTGACCTGAG CAACAACAGC
\TCAGCATGC TGACCAATTA CACCTTCAGT AACATGTICIC

¥

coT

FANT L

2401

[N
s
o
o
b=

2481 ACCTCTCCAC TCTGATCCTG AGCTACAACC GGCTGAGGIG
2521 CATCCCCGTC CACGCCTITCA ACGGGCTGLG GICCCIGCGA
2561 GTGCTARCCC TCCATGGCAR TGACATTTCC AGCGTICCTG
2601 AAGGCTCCTT CAACGACCTC ACATCTCTTT CCCATCTGGE
2641 GC C T

UbTGGGAANC ARCCCACTCC ACTGTGACTG CAGTCTTCGSG
G s AGTGGGTGAA GGCGGGGTAC AAGGAGC
GCATCGCCCG NE STAGC CCTGAGCCCA TGGUTGACAG

GCTCCTGCTIC ALL&C( SCAA CCCACCGCTT CCAGTGCAAA
GGCCAAA TGUCAATGCCT
ACUCG“ CATGCACCCA
GTGCCTG CCCCTACAGC
aCCV.LC AACACCTGCA
GCCACCTGAG

,
o
g
I
¢
N

~J
> ON
1

NN
[o0]
o
s

GGGCCAGTGG
141 GCCTCTCCAG

Bl ,—x,—x;«mmmm—\T(\v

12\,
TACAAGGGCA ACC?“T?C\

CAT

G

N
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N
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E
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4

N
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N
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o

N
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o
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TCCAGAACCC CTIGTCAG

S terale

O
(o)
o

3 TGACAGCCAC AAGGATGGGT CTGCCCTICIG
3041 GGCTTTGAGG GGCAGCGGTG A CCAGATGACT
3081 GTGAGGACAA CGACTGUGAA AACAATGCCA CCTIGCGETGGA
3121 CGGGATCAAC AACTACGTGT GTATCTIGTCC GCCTAACTAC
3261 AC TATGCGACGA G CACTGTGETGC
3201 CT CCTCTGTCAG CATGAGGCCA AGTGCATCCC
3241 CC GGATTCAGCT GCGAGTGTGT CCCTGGCTAC
3281 AG TFTUTCMHAL AGACAATGAT GACTGILIGTGG
3321 CcCC CCGCCACGGE GCCCAGTGCG TGGACACAAT
3361 CAATGGUTAC ACATGCACCT GCCCCCAGGG CTTCAGTGGA
3401 CCCTTCTIGTG AACACCCCCC ACCCATGGTC CTACTGCAGA
3441 CCAGCCCATG CGACCZGT\V AAGTGCCAGA ACGGGGCCCA
1N1 GTGCATCGTE GTGCAGCAG AC\vCAVC” CCGCTGCCCA
CCAGGCTITCG CCGHRE CC\ CGAGAAG CTCATCACTG
TCAACTTCGT uC" AAAGA AACTGGCCIC

o
(o)

COTGCAGGTE
SolalAaoGails

o

TACAAAGGAG

G
1 ACAATGACCC CC“GGCACTG GAGCTGTACC AGGGCCACGT

FVRR VAR UL RR VA R ON
[
o0 s

721 GCGGECTGGTC TATGACAGCC TGAGTTCCCC TCCAACCACA
3761 GTGTACAGTG TGGAGACAGT GAATGATGGG CAGTTITICACA

28
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3801 GTGTGGAGCT GGTGACGCTA AACCAGACCC

3841 AGTGGACAARR GGAACTCCAA AGnuCF GGb

3881 AAGCAGCCAG CAGT ’ICCAI Ci 3C

3921 GAGGCATCCC CACCTCCA )

3961 GGGCACGGAC pubCCTCIAG

4001 CATGAGGTGC GCATCAACAA G

4041 CCCTCCCACC ACAGTCCCIG C
GTCCTGCACC GTGTGC : I'G CCGCTCCGTIG
GAGAAGGACA GCGTG CAGTGCCGC CCAGGCTGGA
CCGGCCCACT CTGCGACCAG GAGG ACCCC oCT

CGGCCACAGA TGCCACCATG
ACCTCATACA TGTGCAAGTG

ACTTGET GA CAACAAGAAT
AGCCTTCAAG TGTCACCATG GGCAGTGCCA

GGCAACTGGS

WS s b

by
a
v
:‘3
h

fis

3
4361 CAAGGGGAGC CCTACTGCCT UJG” CcCcC
4441 GCGAGCACTG CCAACAAGAG AAT "GCC
44471 AGTCCGAGAG GTIGATCCGCC 3CA: VAAGG
4481 TGTGCCACAG CCECCAABPM G:CCAECATG
4521 GGGGCTGTGG GCCCCAGTGC TGCCAGCCCA

(o) (_}T o
(X}
o

GCGGCGEAAA TACGTC TCC AGTGCACGGA

4601 TTTGTAGAAG AGGTGGAGAG FCACTT“GAG TGCE(

4641 TCGCGTGTIC CTAAGCCCCT GCCCGCCTGC CTIGCCACCIC
4681 TCGGACTCCA GCTTGATGG W:GCCACAG CCATGTGGGA
4721 CCCCCTGGTG ATTCAGCATG AA A AGCTGGAGAG
4761 GAAGGTAAAG AAGAAGAGAA ARART
4801 AAACAAAARA TAGAACTTAA AAAA ARD ARAARAAADRALN
4841 AA

{0064] Another example of a Homo sapiens SLIT3 protein sequence (e.g., with

NCRBI accession pumber NP_003053) i1s shown below as SEQ T NOG:3.

i
\

1 MAPGWAGVGA
471 SAASVDCHGL

b=l
a
~~
o
&
Vo
n.'—|
By
&
i

ALASVLSGPP AVACPTECTC

AVPRGIP RNALR@DLD

::- P
P

GL L R NNITRITEMD

81 FAGLENLRVI HLE Q LERLRLNENK
121 LOVLPELLEQ STP R KAFRG
161 NLOLDNNHIS CIE NNISR
201 FNHMPKIRTL RLH RORRT

241 LCMAPVHLREG FNV S PSCNANG]
2 PSPCTCQNNI VDCRGKG G RLEQNSIK
ATPAGAET KELRRIDISK NQISDIAPDA GLKSLTSL

I
I

DGLVS LQL
I

361 VLYGNK 'T”“ AKSLED LINANR TNCLRVNTFQ
401 DLONLNLLSL YDNKLOTISK GLFAPLOSIO BLA“&’EU
441 CDCHLEWLAD YLODNPIETS GA[&’SLR&L NKRISQT
451 KKFRCSGSED YRSRFSSECE MDLVCPERCR CEGT*VDLbu
521 QKLVRIPSHL PEYVIDLRLN DNEVSVLEAT GIFKKLPNLE
561 KINLSNNKIK EVREGAFDGA ASVQELMLTG NOLETVHGRY
601 FRGLSGLKTL MLRSNLIGCY SNDTFAGLSS VRLLSLYDNR
641 ITTITPGAFT TLV: N IPFNCNCH LAWLGKWLRK
681 RRIVEGNPRC JATQODFT CDGNEESSCO
721 LSPRCPEQCT ALPRGM PEDVTELYLE
761 GMHLTAVPRE NSISML TNYTFSNMSH
801 LSTLILSYNR LRVLTL HGNDISSVPE
841 GSFNDI

[ee)
OO s

—

TAAquPEPM
LSSPCKNNG

[oReo}
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961 QNPCQOHGGTC HLSDIHKDGE 3CSCPLG ORCEINPDDC
1001 EDNDCENNAT CVDGINNYVC ICPPN CDEVIDHEHCVP
1041 ELNLCCHEAK CIP LGESC ECVPGYSGKL LE”D“WDCfA
1081 HKCRHGAQCV DTINGYICIC PQGFSGPEFCE HPPPMVI r
1121 EPCDOYECQON GAQCIVVOOE UW"RLPP»EA GPRC LBLI
1161 NEVGEDSYVE LASAKVRPQA NISLOVATDK DNGILLYE

201 NDPLALELYQ GHVRLVYDSL QQPPTT\lSV u;JNDGQFHo

241 VE:VTLPQTL NILVVDKGTPK VGINSPLYLG

[oo]

INNELODFEKA
VVCECRPGWT
CRCAEGYGGED

GIPTSTGLSA RQG”DRELv
PPOSLGVE GCKSCTVCKA

.
SLGVS
f PCLGHR

1
()
> Y N

PR S N O PR

140 ACSAFKL YCLCOPGESG
144 GOQVVRE SKVP IMECRG
RSKRRE VERHLECGCL
ACS
{0065] Another example of a Homo sapiens SLIT3 protein sequence (e.g., with

NCBT accession nurnber XP_016865268) is shown below as SEQ TD NO:4.

L MMGDLDRNNI TRITKMDEAG DNOQVSVIERG
41 AFQDLIKQLER LRLNKNKLOV KLTRLDLSEN
81 QIQGIPREAF RGITDVKNLO DGAFRALRDL

121 EILTLNNNNI SRILVISEFNH " D
161 AWLSDWLRQR RTIVGOFTLCM
201 PAPHSEPRPPSC NANSISCPSE

NLPEGIVEIR LEQNSIKAIPR

—

LEDGLVSLOL

281 SDIAPDAFQG LKSLTSLVLY VEG

321 LLLNANKINC LRVNTFODLQO NLNLLSLYDN KLQTISKGLE
361 APLOSIQTLH LAQNPFVCDC HLRKWLADYLQ DNPIE TJGAR
401 CSSPRRLANK RISQIKSKKF GSEDYRS RESSEC

441 VCPEKCK TIVDCSNQKL VRIPSHLPEY VIDLR

481 VIVLEATGIF KKLPNLRKIN \E'D

523 QELMLTGNQIL ETVHGRVERG 23

561 TFAGL3SVRL LSLYDNRITT ITPGAFTTLV

&0l JCNC HLAN LGEKWLRKRRI VSGNPRCOKP

ed4l VAIQDFTC NEESSCQLSE LPLQC“”EL TVVRCENKGL
681 RALPRGMPKD VTELYLEGNH L7 LRELTLT

721 NNSISMLINY TFSNMSHLST 5 IPVHAFNGLR
761 SLRVLTLHGN DISSVPEGSFE LTS GTNPLE
801 SLRWLSEWVK HVKEPCIAR CSSPEPMADR LLLTTPTHRE
841 QCKGPVDINI VAKCNACLSS PCRNNGTCTQO DPVELYRCAC
881 PYSYKGKDCT VLLNlC*‘NP COHGGICHLS DBSHKDGESCS
921 CPLGFEGQORC EINPDDCEDN DCENNATCVD GINNYVCICP
2961 PNYTGELCDE VIDHCVPELN LCQHEAKCIP LDKGFSCECV
1001 PGYSGKLCET DNDDCVAHKC RHGAQCVDTI NGYTCTCPOG
1041 FSGPFCEHPP PMVLL DOYECONGADQ CIVVQOERPTC
1081 RCPPGFAGPR CERLITVNEV G/DEV\E AS AKVRPQANIS

@)
peI
el
ol
3
]
53
.
C
—
=
()]

121 AT ILLYKGDNDP ) RLVYDSLSSPE
1161 PTTVYSVETV NDGOFHSVEL VTLNQTLNLV VDKEGTPKSLG
1201 KLOKQPAVGI NSPLYLGGIP T SALRQ GTDRPLGGEFH
1241 GCIHMJR NW ELODFKALPP QSLGVSPGCK SCTVCKHGLC
1281 RSV PG PCL GHRCHHGRCV

ACS
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AFKCHHGQCH
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\J » =

PGESGEHC QUENPCLGQOV VREVIRRQKG
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- EAN L/

SK RREYVEQCTI
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1441 GSSEVEEVE
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{0066] A comparison of the SEQ 1D NO:1 and SEQ ID NG:3 SLIT3 anvino acid

sequences 18 shown below.

992.9% identity in 1523 reszidues overlap; Score: 8255.0; Gap

frequency: 0.0%

GWAGVGAAVRARLATALATASVLIGPPAVACPTKCTICSAASVDCHGLGLRAVPRGIF

MAPGWAGVGAAVRARLALALALASVLSG CSAASVDCHGLGLRAVPRGIP

R i S R e i o SRk e i R i R LR S IR R S e S T i SR AR i St
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61
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KNQISDIAPDAFQGLKSLTSL

B e i O T T i R i e T S A Sk o L e i S i o 4
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s
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P R e R LS

WLADYLODNPIETSGARCSSFPRRLANKRISQIKS
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Dq3 421
FAPLOQSIQTLELAQNPEVCDCELKWLADY LODNPLETSGARCSSPRRLANKRI:

KRR R R AT T IR A AR KA A T A AR AT A F AR R AT A I A AT A F A A AR A I A FF AT AT F AR I TR T HF R *x
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GESCSCRPLGFEGQRCEINED

CERNDCENNATCVDGINNYVC
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CTDGSSEVEEVER

LK L A R e e

{0067] A comparison of the SEQ 1D NO:1 and SEQ 1D NG:4 SLIT3 amino acid

seqguences is shown below.

P . R, < ] 3 v s
regidues overlap; Score: 7%09.0; Gap
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{6663] Such sequence comparisons illustrate portions of the SLIT3 protein that

tend o be conserved, and portions of the SLLIT3 protein that are not so conserved.
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An example of a SLIT2Z protein sequence is shown below (NCBI accession

number AADZ25539; SEQ 1D NO:5).
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An example of 2 mucleic acid that epcodes the SEQ ID NO:S
{NCBI accession number AF133270;
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2841 GCAGGACTGT GATGTCCCAA C SCTG
2881 CCATGTAAAC ATGGAGGAAC GCCACTTA
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2961 AGO TGTGAAGTCA
3001 AATGACTGTG AARATAATTC
3041 ATAACTACAC ATGCCTTTGC
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3161 AGGGATTICAA TCTCAVTM\
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671 A comparison of the SLIT3 with SEQ ID NO:1, and the SLITZ with SEQ

T NG:5 amino acid sequences 1s shown below.
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§006721 As iltustrated, the SLIT# and SLETZ proteins with SEQ [D NOs:1 ands5,
respectively, share about 67% sequence identity but as described herein SLIT2
andSLIT3 proteins are both usefid in the described methods. Hence, SLIT proteins can
have sequence varations without Joss of function.

{0073] Another example of a SLIT2 protein sequence is shown below (NCBI
accession nurpber AAI43979; SEQ 1D NOG:T).

L MRGVGWOMLS LSLGLVLAIL NKVAPQACRPA CQCSCSGSTVR
41 CHGLALRSVP RNIPRNTERL DLNGNNITRI TKTDFAGLRH
81 LRVLQLMENK ISTIERGAFQ DLKELERLRL NRNELOLEFPE

121 LLFLGTAKLY RIDLSENQIQ AIPRKAFRGA VDIKNLOLDY
161 NQISCIEDGA FRALRDLEVL TLNNNNITRL SVASEFNEMPK
201 LRTFRLHSNN T\PD HLAWL SDWLRORPRV GLYTQCMGPERS
241 HLRGHNVAEV EFVCSGH QSFMAPSCSYV LHCRAACTCS
281 NNIVDCRGKG Likl CTNLPE TITEIRLECN TIKVIPPGA
321 SPYKKLRRID LSNNQISELA PDAFQOGLRSL NSLVLYGNKI
61 TELPKSLFEG LFSLOLLLLN ANKINCLRVD AFQDILHNINIL

LELYDNKLQT lAK l"O“LB ATQTMHLAQN PEICDCHLKW
LADYLHTNPI ETSGARCTSP RRLANKRIGQ IKSKKERCSG
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481 TEDYRSKL3G DCFADLACPE E\TCR""p CHN 1I<n.1\ P
521 EHIPQYTAEL RINNNEFTVL IPK N
561 KITDIEEGAF EGASGVNEIL LTS[ LLN”Q HK

601 KTLMLRSNRI TCVGNDSFIG LCm 1@5Li B

641 AFDTLHSLST LNLLANPENC WLGEW LRKKRIVT
681 PRCQKPYFLK EIPIQDVAIQ & NSCSPLSRCP
723 TECTCLDTVV RCSNKGLEVL € LYLDGNQFTL
761 VPKELSNYKH LTLIDLSNNR ISTLSNQSFS NMTQOLLTLIL
801 SYNRLRCIPP RTFDGLKSLR LLSLHGNDIS VVPEGAFNDL
841 SALEPLA’bA NPLYCDCNMQ WLSDWVRSEY KEPGIARCAG
881 PGEMADKLLL TTPSKKFTCO GPVDVNILAK CNPCLSNPCK
921 NDGTCNSDPV DEYRCTICPYG FEGODCDVPI HACISNPCKH
961 GGTCHLKEGE ULECT N VDDCEDNDCE
1001 NNSTCVDGIN T ] ¥ TGEL LD FCAQDLNPCQ
1041 HDSKCILTEK KCDCTRPGY vCFIF“TDFD DCODNKCKNG
1081 AHCTDAVNGY TCICPEGYSG LFCEE LPRTSFCDNFE
1121 DCONGAQCIV RINEPICOCL E LVESVNEINKE
1161 SYLQIPSAKY RPOTNITLOI m"L“‘CLLL YKGDKRDHIAV
1201 ELYRGRVRAS YDTGSHPASA IYSVETINDG NFB VELLAL
1241 DQSLSLSVDG GNPKIITINLS KQSTINFDSP LYVGGMPGKS
1281 NVASLRQAPG QONGTSFHGCI RNT. INSELQ UFQKW MQOTG
1321 ILPGCEPCHK KVCAHGTCQOP QAGﬁTCEC QEGWMGP LCD
1361 ORTNDPCLGN KCVHGICLRI NAL YSCKCL EGHGGVLCDE
1401 EEDLFNPCQA IKCKHGKCRL bufG JPYCEC SSGYTGDSCD
1441 REISCRGERI RDYYOKQQOGY AACQTTKKVS RLECRGGCAG
1481 GOCCGPLRSK RRKYSFECTD GSSFVDEVEK VVKCGITRCV
1521 8

{0074]
accession nurpbey NP_Q01276065 XP_005248270; SEQ 1D NO:&).

1 MRGVGWOMLS

Another example of a SLIT2 protein sequence is showa below (NCBI

LSLGLVLATIL NKVAPQACPA CC g
TKTDFAGLRH

SCS8GSTVD

41 CHGLALRSVP RNIPRNTERL DLNGNNITRI
81 LRVLQLMENK ISTIERGAFQ D HKELERLRL NRNELQLEFPE
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LRETFRLHASNN
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TLNNNNITRIL
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VO IKNLQLDY
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sLYTQUMGERS
LHCPAACTCS
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NSLVLYGNKI

QLLLLN ANKINCLRVD

361 TELPKSLFEG S’f' AFQDLHNLNL
401 LELYDNKLQOT IAKGTFSPLR AIQTMHLACN PEFICDCHLKW
441 LADYLHTNPI ETSGARCTSP RRLANKRIGQ IKSKKERCSG
481 TEDYRSKLEG DCFADLACPE KCRCEGTT CONQKLNKIP
521 EHIPOYTAEL RINNNEFTVL BEATGIFKKLP QOLRKINFSNN
561 KITDIEEGAF EGASGVNEIL LTSNRLENVQ HKMFKGLESL
601 KTLMLRSNRI TCVGNDSFIG LSSVRLLSLY DNQITIVAPG
©41l AFDTLHSLST LNLLANPFNC NCYLAWLGEW LRKKRIVTGN
681 PRCQKPYFLK EIPIQDVAIQ DETCDDGNDD NSCSPLERCP
21 TECTCLD RCENKGLKVL PKGIPRDVTE LYLDGNQETL
761 VI JIDLSNNR ISTLSNQSES NMTQLLTLIL
801 SYN CDGLKSLR LI NDIS VVEPEGAFNDL
841 SA (CDCNMO KEPGIARC
881 FGEM CNPCLENPCK
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961 GGTCHLKEGE GFEGENCEVN VDDCEDNDCE
1001 NNSTCVDGIN TGELCEEKLD FCAQDILNPCQ
1041 HDSKCILTPK VGEHCDIDED DCODNRCEKNG
1081 AHCTDAVNGY LECEFSPPMY LPRTSPCDNFE
1121 DCQNGPQCI” RINE PGYQGEKCEK LVEVNFINKE
1161 LOIPSAKY RPCTNITI ATDEDSGILL YKGDEKDHIAV
1201 EL;RuKJRAo YOTGSHPASA IYSVETINDG NFEIVELLAL

AT
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TLPGCRED CHK
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BEED _KFNPCQA
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FEISCRGERT RDYYQKQOGY AACQT 'KK’\/’S RLECRGGCAG
GQCCLPMPQL\ RRKYSE EL T? Govf"/ BK VVKCGCTRCV
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{0075]
protein, referred to in databases for exanple, as Entrez Gene: 6386, Ensembl:
ENSGO0000124347, OMIM: 60374, andS UniProtKB: 075094, For example, the
sequence of the UniProtKB: 075094 SLIT3 protein is shown below as SEQ 1D NO:9.

SLIT3 or SLITZ is the designation for a human gene and its associated

AFODLEKQ

20
AVRARLALAL

RNAERLDLDR
120

LERLRLNENX

NNITRITEKMD

130

40
KCTC
S0
FAGLKNLRVL
140
STPKLTRLDL

VACET

g

160 170 190 200
KAFRGITDVK NLQLDNNHIS RDLEILTLNN NNISRILVT
210 220 2 30 240
FNHMPKIRTL RLHSNHLYCD CHLAWLSDWL RORRTVGQOET LCMAPVE
260 2.70C 280 290
FNVADVQKKE YVCPAPHSER PSCNANSISC PSPCTCSNNI VDCRGEK
310 320 330 340
IPANLPEGIV EIRLEQNSIK AIPAGAFTQY KXLKRIDISK NQISDI
360 38 390
FOGLKSLTSL VLYG i1 LOLLLLNANK INCLRWVY

410

DLONLNLLSL

YDNKLQ

440
TLHLAQNPFV

460 470 490
GARCSSPRRL 5 KKFRCEGSED SSECE
520 30 540 550
CEGTIVDCSN QKLVRIPSHL PEYVTDLRLN DNEVSVLEAT
> 570 580 520 600
LR KINLSNNKIX EVREGAFDGA ASVQELMLTG GRV
10 620 630 640 650
TL MLRENLIGCV SNDTFAGLSS VRLLSLY ._).\I\ ITTITPGAFT
560 670 68/ 730
INL LSWPFNCNCE LAI QKPEFFLKEIP

720 / i
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TG 7 780 800
GNHLTAVPRE ALRHLT DLSNNSISML TNYTESHWMSH
834 850
LRCIPV GLRSLRVLTL HGNDIS

o
Q0
Lol

44




WO 2019/161136 PCT/US2019/018115

WVKAGYREPG TARCSSPEPM ADRLLLTTPT
930 940 950

LSSPCENNGT CTQODPVELYR CACEPYSYXG
980 990

HLESDSHKDGE SCSCPLGFEG QRCE

=
-
Z

TN

SPCRQYECON
11890
GPR LASAKVRPQA
1230
NI SSPRTTIVYSV
128¢C 0
NLVVDKEGTEPK SLGKLOKQPA VGINSPLYLG G
:lO 1320 1330 1350
HEVR INNELQDEKA LEPPQSLGVSP SVEXDS
1360 1370 1380 14060
VVCECRPGWT GPLCDQEARD PCLGHRCHHG GYGGD
1420 1420 1430 1450
CDNEKNDESAN ACSAFKCHHG QCHISDQGEP ENPCL
1460 1470 14806 1500
GOVVREVIRR QKGYASCAT A SKVPIMECRG KYVEQ
1530 152
CTDGSSEVEE VERHLECGCL ACS

[00376] SLIT2 and SLIT3 are conserved genes, with orthologs in around 160
organisms other than lhmans, including chimpanzee, Rhesus monkey, dog, cow, mouse,
rat, chicken, zebrafish, and frog. Other sequences of the SLIT2 and SLITZ? genes,
cDNAs, mRNAs, and proteins are available.

{0677] As a composition, the SLIT3 or SLIT2 agent may be delivered as cDNA in
a vector, for example a viral vector, as an mRNA constroct, or as a protein.  The DNA,
RNA, or armno acid may be the same as the buman reference sequences or miay have a
sequenee in one or more monomers {e.g., nucleotides or amino acids) has been
substingted with other, chemically, sterically and/for electronically similar one, without
sobstantially altering the biclogical activity.

{0078] As employed herein, the term "substantially the same sequence” refers to
sequences having at least about 60% sequence homology or identity with respect to any
of the sequences described herein ("reference sequences”) and retaining comparable
functional and biological activity characteristic of the protein, DNA, or mRNA defined
by the reference sequences described. In some cases, molecules having "substantally
the same sequence” will have at least abouot 80%, or about 90% identity with respect to a
reference sequence; or with greater than about 95%, or 96%., or 97%, or Y8%, or 99%
sequence identity. It is recognized, however, that & sequence containing less than the
described levels of sequence identity arising as splice variants or that are modified by

conservative substitutions are also encompassed within the scope of the present

45



WO 2019/161136 PCT/US2019/018115

invention. The degree of sequence homology is determined by conducting an amino
acid sequence similarity search of a protein data base, such as the database of the
National Center for Biotechnology Information (NCBI; see website at

nebt.plmnih. gov/BLASTY), using a computerized algorithim, such as PowerBLAST,
QBLAST, PSI-BLAST, PHE-BLAST, gapped or nogapped BLAST.

{0679] Also encompassed within "SLIT3 or SLIT2 agent” are biologically
fupctional or active analogs of SLIT3 or SLIT2. The term "analog” includes any
polypeptide or polynucleotide having 2 sequence substantially identical to a sequence
specifically referenced herein in which one or more residucs have been conservatively
sobstinged with a functionally sinilar residue and which displays the ability to mimic
the biclogical activity of SLIT3 or SLIT2. Examples of conservative substitutions for
amino acids include the substitution of one non-polar (hydrophobic) residue such as
isoleucine, valine, leucine or methionine for another, the substitution of one polar
(hydrophitic) residue for another such as between arginine and lysine, between
glutanine and asparagine, between glycine and serine, the substitution of one basic
residue such as lysine, arginine or histidine for another, or the substitution of one acidic
residue, such as aspartic acid or ghutamic acid for another.

{6089] The phrase "conservative substitution” also includes the use of a chemically
derivatized residue in place of a non-derivatized residue, provided that the polypeptide
or expressed polypeptide displays the requisite biological activity.

{0081] "Chemical derivative" refers to a subject polypeptide or polynucleotide
having one or more residucs chemically derivatized by reaction of a functional side
group.

{6082] Such derivatized molecules include with respect to polypeptides, for
example, those molecules in which free amino groups have been derivatized to form
amine hvdrochlorides, p-toluene sulfonyl groups, carbobenzoxy groups, t-

butyloxyearbonyl groups, chloroacetyl groups or formyl groups. Free carboxyl groups

mray be derivatized to form salts, methyl and ethyl esters or other types of esters or

hydrazides. Free hydroxyl groups may be denivatized to form O-acyl or O-alkyl

denvatives. The imidazole nitrogen of histidine may be derivatized to form N-im-
beozylhistidine. Also inchuded as chemical derivatives are those peptides which contain
one or more naturally occurning amino acid derivatives of the twenty standard amino
acids. For example, 4-hydroxyproline may be substituted for proline; S-hydrox ylysine
may be substitated for lysine; 3-methylhisudine may be sobstitated for histidine;
homoserine may be substituted for senine; and ormithine may be substituted for lysine.
The useful polypeptide can also include any pol ypeptide having one or more additions

and/or deletions of residues, relative to the sequence of a polypeptide whose sequence is
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shown herein. For example, useful polypeptides can include one or more amino acid
substitution, deletion, insertion, or other modification so fong as the at least some SLIT3
or SLIT2 biclogical activity is maintained.

{0083] For exaraple, useful SLIT2 and/or SLIT3 variant polypeptides with
sequence variations compared to the sequences described herein can have at least 20%,
or at least 30%, or at least 40%, or at least 30%, or at least 60%, or at least 70%, or at
least 75%, or at least 80%, or at least 85%, or at least 90%, or at least 95% of the
activity of an unmodified SLIT2 and/or SEIT3 protein {e.g., a wild type protein or a
SEIT2 or SLIT3 protein with a sequence described herein).

SLIT3, SLIT2 or SHNM3-interfering agents

{0084] Described herein are also SLIT3, SLIT2 or SHN3-interfering agents, which
inclode antibodies and small interfering RNA (siRNA) molecules against SLITS or
SLIT2, and methods of using same to prevent bone growth, Ant-5LUIT3, SLIT2 or
SHN3antibodies and siRNA molecules targeted to the SLIT3, or SLIT2 gene ("SLIT3, or
SLITZ siRNA") have been found to prevent bone growth. However, reduction of SHN3
expression can enhance bone growth.

Small interfering KNA as SLIT3, SLIT2 or SHN3-interfering agenis

{0085] The SLITS, SLIT2 or SHN3 siRNA are targeted to 2 mammalian SLIT3,
SLIT2 or SHN3 genes and can inhibit the expression of such target genes, respectively.
The SLIT3, SLIT? or SHN3 siRNA include a specific antisense sequence that is
comaplementary to a portion of the mRNA transcribed fron the target gene (i.e. the
target mRNA) and can be double stranded (1.e. composed of an antisense strand,
comaprising the specific antisense sequence, and a complementary sense strand) or
single-stranded (i.c. composed of an antisense strand, coraprising the specific antisense
sequence, only) as described in more detail below. Short-hairpin siRNA (shRNA)
against SLIT3, SLIT2 or SHN3 are also described herein.

{0086] As 1s known in the art, the specificity of siRNA molecules is determined by
the binding of the antisense strand of the molecule to its target mRNA. Effective siRNA
molectdes are generally less than 30 to 35 base pairs inlength to prevent them triggering
non-specific RNA nterference pathways in the cell via the interferon response, although
longer siRNA can also be effective

{06871 Design and construction of siRNA molecules is known in the art [see, for
example, Elbashir, et al., Natwre, 411:494-498 (2001); Bitko and Bank, BMC
Microbiol., 1:34 (2001)]; Elbashir, 5. M., et al. (2001 EMBO J. 20, 6877- 628%; and
Zamore, P.D., et al. (2000 Cell 101, 25-33). Use of SLIT3, SLIT2, or SHN3 siRNA is

also disclosed in the Examples herein.
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{O088] In one erubodiment, the target mRINA sequence for the SLIT3, SLIT2, or
SHN3 siRNA 1s selected from the entire SLIT3, SLIT2, or SHN3 mRNA sequence. In
another embodiment, the target mRNA sequence for the SLIT3, SLIT2, or SHN3 siRNA
is sclected from the 5' vntranslated region of the SLITZ, SLIT2, or SHN3 mRNA. In sgll
another embodiment, the target mRNA sequence for the SLIT3, SLIT2, or SHN3 siRNA
is sclected from the 3' vntranslated region of the SLITZ, SLIT2, or SHN3 mRNA. Inone
embodiment, the mRNA target sequence for the SLIT3, SLIT2, or SHN3 siRNA is
within the coding region of the target mRNA. In another embodiment, the target
sequence for the SLIT3, SLIT2, or SHN3 siRNA is selected from the region of the target
mBRNA beginmng 50 to 100 nucleotides downstream of the start codon and ending at the
stop codon. In an additional embodiment, the target sequence for the SLIT3, SLIT2, or
SHN3 siRNA is selected from the 3" end of the coding region, for example, the region of
the target mRNA beginning 500 to 600 nucleotides downsiream of the start codon and
ending at the stop codon. In a further erabodiment, the target mRNA sequence for the
SLIT3, SLIT2, or SHN3 siRNA is within an individual exon. In another embodiment, the
target mRNA sequence for the SLIT3, SLIT2, or SHN3 siRNA is selected from a region
of the target mRNA which spans an exon-exon junction.

{6089] In another embodiment, a target mRNA sequence is selected that comprises
the sequence 5'-AA(N)-3" or 3-NAN-3', where N is any nucleotide and "x" 8 an
integer between 10 and 50. In another embodiment, "x" is between 15 and 30. In yet
another embodiment, "x" i8 between 19 and 23. In a further enmbodiment, "x" is 19 or
20

{60961 In another embodiment, a target oRNA sequence is selected that coraprises
between about 30% and about 70% G/C content. In another embodiment, a target
sequence is selected that comprises between about 30% and about 60% G/C content. In
another embodiment, a target sequence is sclected that comprises between about 35%
and about 55% G/C content.

{0091 Double-stranded siRNA molecules can also be asserabled from a single
oligonucleotide 1n a stern-loop structure, wherein sclf-complementary sense and
antisense regions of the siRNA mwolecule are linked by means of a nucleic acid based or
nop-nucleic acid-based linker(s), as well as circular single-stranded RNA having two or
more loop structures and a stern comprising seff-complermentary sense and antisense
strands, wherein the circular RNA can be processed cither in vivo or in vilro o generate
an active siRNA molecule capable of mediating RNA1.

{0092) Small haiepin RNA (shRNA) molecules thus are also contemplated herein.
These molecules comprise a specific antisense sequence in addition to the reverse

complement (sense) sequence, typically separated by a spacer or loop sequence.
A% o o
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Cleavage of the spacer or loop provides a single-stranded RNA molecule and its reverse
comaplement, such that they may anneal to form a dsRNA miclecule (optionally with
additional processing steps that may result 1o addition or removal of one, two, three or
nore nucleotides from the 3" end and/or the 5" end of either or both strands). The spacer
can be of a sufficient length to permit the antisense and sense sequences to anneal and
form a double-stranded structure (or stem) prior to cleavage of the spacer (and,
optionally, subsequent processing steps that may result i addition or removal of oge,
two, three, four, or more nucleotides from the 3" end and/or the 3" end of cither or both
strands). The spacer sequence is typically an unrelated nacleotide sequence that is
situated between two complementary nucleotide sequence regions which, when
anncaled into a double-stranded nucleic acid, comprise a shRNA (see, for example,
Brummelkamp et al., 2002 Science 296:550; Paddison et al., 2002 Genes Develop.
16:948; Paul et al., Nat. Biotechnol. 20:505-508 (2002); Grabarek et al., BioTechnigues
34:734-44 (2003)). The spacer sequence generally comprises between about 3 and about
100 nucleotides.

{00931 In one embodiment, the siRNA molecule is a double- or single-stranded
siRNA between about 15 and about 40 nucleotides in length. In another embodiment,
the siRNA molecule is a double- or single-stranded siRNA between about 15 and about
35 nucleotides in Jength. Tn another embodiment, the siRNA molecule 1s a double- or
single-stranded siRNA between about 17 and about 30 nucleotides in length. In another
embodiment, the sStRNA molecule is a double- or single-stranded siRNA between about
19 and about 25 nucleotides in length. In another embodiment, the sSiIRNA molecule is a
double- or single-stranded siRNA between about 21 to abowt 23 mucleotides 1 leagth.
[0094] Inn an aliernative embodiment, the siRNA molecule is a shRNA molecule or
circular siRNA molecule between about 50 and about 100 sucleotides in length. Ina
further embodiment, the siRNA molecule is a shRNA molecule between about 50 to
about 60 moclectides m length.

{00851 The specific antisense sequence comprised by the siRNA molecule can be
identical or substantially identical to the complement of the target sequence. In one
embodimernt, the specific antisense sequence corapnised by the siRNA molecule is at
least about 75% identical to the complement of the target RNA sequence. In another
embodiment, the specific antisense sequence comprised by the siRNA molecule is at
least about 90% identical to the complement of the target mRNA sequence. In a huther
embodiment, the specific antisense sequence comprised by the siRNA molecule is at
least about 95% identical to the complement of the target mRNA sequence. In another
embodiment, the specific antisense sequence conmprised by the siRNA molecule is at

least about 97% or 98% identical to the complement of the target mRNA sequence.
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Methods of determining sequence identity are known in the art and can be deterined,
for example, by using the BLASTN prograrm of the University of Wisconsin Coroputer
Group (GCG) software or provided on the NCBI website.

{0096] The specific antisense seguence of the sSiRNA molecules described herein
may exhbit variahility by differing (e.g. by sucleotide substitation, incloding transition
or transversion) at one, two, theee, four or more mucleotides from the sequence of the
target mRNA. When such nucleotide substititions are present 1o the antisense strand of
a dsRNA moelecule, the complernentary sucleotide in the sense strand with which the
substitute nuclectide would typically form hydrogen bond base-pairing may or may not
be correspondingly substitnted. dsBRNA molecules in which one or more nuclectide
substitution occurs i the sense sequence, bt not in the anusense strand, are also
contemplated. When the antisense sequence of a siRNA molecule comprises one or
mote mismatches between the nucleotide sequence of the siRNA and the target
nucleotide sequence, as described above, the mismatches may be found at the 3’
ternuinus, the 5’ terminus or in the central portion of the antisense sequence.

§B0G971 A modified siRNA molecule can comprise one or more modified
nucleotides, for example, a siRNA molecule comprising modified ribomucleotide(s) can
comprise about 3% to about 100% modified nucleotides (for example, 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 30%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%,
95% or 100% modified nucleotides). The actual percentage of mmodified nucleotides
present in a given siRNA molecule will depend on the total number of nucleotides
present in the sSiRNAL If the siRNA mwolecule is a single-stranded RINA (ssRNA)
molecule, the percent modification will be based vpon the total pumber of pucleotides
present in the ssRNA molecule. When the siRNA molecule is a dsRNA molecule, the
percent modification can be based upon the total number of nucleotides present in the
sense strand, antisense strand, or both the sense and antisense strands of the molecule. Tn
accordance with the present invention, a siRNA molecule that comprises one or more
modified nucleotides or linkages maintains the ability to inhibit expression of the target
gene.

{0098 A nucleoside is a base-sugar combination and a mucleotide is a nucleoside
that further includes a phosphate group covalently linked to the sugar portion of the
nucleoside. In forming RNA molecules, the phosphate groups covalently link adjacent
nuclecsides to one another to form a linear polymeric compound, with the normal
linkage or backbone of RNA being a 3" to 5’ phosphodiester Hnkage. Specific examples
of siRNA molecudes usefol i this invention include siRNA molecales containing

modified backbones or non-natural internucleoside linkages. siRNA mwolecules having
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modified backbones include both those that retain a phosphorus atom in the backbone
and those that lack a phosphorus atom in the backbone.

[81606] The siRNA molecules can comprise one or more 5 and/or 3'-cap
structares. The siRNA molecule can comprise a cap structure at the 3 "-end of the sense
strand, the antisense strand, or both the sense and antisense strands; or at the 5 -end of
the sense strand, the antisense strand, or both the sense and antisense strands of the
siIRNA molecule. Alternatively, the siBNA molecule can comprise a cap structure at
both the 3 "-end and 5'-end of the siRNA molecole. The term “cap structure” refers to a
chemical modification incorporated at either terminus of an oligonucieotide, which
protects the molecule from exonuclease degradation, and may also facilitate delivery
and/or localization within a cell.

[6161] The present invention also contemplates siRNA comprising
ribommcieotide mimetics in which both the sugar and the intermucleoside linkage of the
aucleotide units are replaced with novel groups. Modified siRNA molecules may also
contain one or more substituted sugar moietics and may also include modifications or
substitutions to the nuclecbase. As used herein, "unmodified” or "natural” nucleobases
include the purine bases adenine (A) and guanine (G), and the pyrimidine bases thymine
(T), cytasine (C) and wracil (). Modified nucleohases inchide other synthetic and
patural nucleobases known in the art.

[6162] Agother modification applicable to the siRNA mwolecules is the
chemical hinkage to the siRNA molecule of one or more moicties or conjugates which
enhance the activity, cellular distribution, cellular uptake, bicavailability,
pharmacokinetic properties and/or stability of the siRNA molecule. The conjugate
molecule can be linked to the siRNA molecule by way of a linker, for exaraple, via a
biodegradable linker. The conjugate molecule can be attached at the 3'-end of the sense
strand, the antisense strand, or both the sense and antsense strands of the siRNA
molecule. Alternatively, the conjugate molecule can be attached at the 5'-end of the
sense strand, the antisense strand, or both the sense and antisense strands of the siRNA
molecule. It is also contemplated that a conjugate molecule can be attached at both the
3'-end and 5'-end of the siRNA molecule. When more than one comjugate molecule is
attached to the siRINA molecule, the conjugate molecules can be the same or different.
{6163] One skilled in the art will recognize that it is not necessary for all
positions in a given siRNA molecule to be umformly modified. The present invention,
therefore, contemplates the incorporation of more than one of the aforementioned
modifications into single siRNA molecules.

Antibodies as SLIT3, SLITZ, or SHN3-interfering agents
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{B164] In one aspect, the present disclosure relates to use of tsolated
antibodies, which may monocional antibodies, which may be humanized or fully human
nmonoeclonal antibodies that hind specifically to SLIT3, SLIT2 or SHN3. In certain
embodunents, the antibodies of the invention exhibit one or more desirable functional
propertes, such as high affinity binding to SLIT3, SLIT2, or SHN3, or the ability to
inhibit binding of SLIT2 or SLIT3 to 2 ROBO receptor.

[8165] In another aspect, the disclosure pertains to methods of preventing bone
growth in a subject using antt-SLIT2 or SLIT3 antibodies. In another aspect, the
disclosure pertains to methods of increasing bone growth in a subject using anti-SHN3
antibodies.

{3106] The term "antibody" as referred to herein includes whole antibodies and
any antigen binding fragment (i.e., "antigen-binding portion"} or single chains thereof.
An "antibody" refers to a glycoprotein comprising at least two heavy (H) chains and two
light (1) chains inter-connected by disulfide bonds, or an antigen binding portion
thereof. Each heavy chain is comprised of a heavy chain variable region (abbreviated
herein as V) and a heavy chain constant region. The heavy chain constant region is
comprised of three domains, Cr1, Cm and Cm. Each light chain is comprised of a light
chain variable region (abbreviated herein as Vi) and a light chain constant region. The
light chain constant region is comprised of one domain, Cr. The Vi and Vo regions can
be further subdivided into regions of hypervariability, termed complementarity
determining regions (CDR), interspersed with regions that are more conserved, termed
framework regions (FR). Bach Virand Vi is composed of three CDRs and fow FRs,
arranged from ariso-terminus to carboxy-terminus in the following order: FR1, CER1,
FR2, CDR2, FR3, CDR3, FR4. The variable regions of the heavy and light chains
contain 3 binding domain that interacts with an antigen. The constant regions of the
antibodies may mediate the binding of the immunoglobulin to host tissues or factors,
including vanous cells of the iromune system (e.g., effector cells) and the first
component (C1g) of the classical complement system,

{6167] The term "antigen-binding portion™ of an antibody (or simply "antibody
portion”), as used herein, refers to one or more fragments of an antibody that retain the
ability to specifically bind to an antigen (e.g. a ROBO-binding domain of SLITZ or
SLIT3). It has been shown that the antigen-binding function of an antibody can be
performed by fragiments of a full-length antibody. Examples of binding fragments
encompassed within the term "antigen-binding portion” of an antibody include (i) a Fab
fragment, a monovalent fragment consisting of the Vi, Vg, Cr and Cm; domains; (i) a
F(ab'): fragment, a bivalent fragment comprising two Fab fragments linked by a

disulfide bridge at the hinge region; (it a Fd fragment consisting of the Vi and Cu:
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domains; (iv) a Fv fragment consisting of the V; and Vi domains of a single armof an
antibody, (v) a dAb fragment (Ward et al., (1989) Natuwre 341:544-546), which consists
of a Vg domain; and (vi) an isolated complementarity determining region (CDR).
Furthermore, although the two domains of the Fv fragment, Vi and Vy, are coded for by
separate genes, they can be joined, using recombinant methods, by a synthetic hinker
that enables them to be made as a single protein chain in which the Vi and Va regions
pair to form monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et
al. (1988) Science 242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA
#5:5879-5883). Such single chain anubodies are also intended to be encompassed
within the term "antigen-binding portion” of an antibody. These antibody fragments are
obtained using conventional techniques known to those with skill in the art, and the
fragments are screened for utility in the same manner as are intact antibodies.

[6108] An "isolated antibody,” as used herein, is intended to refer to an
antibody that is substantially free of other antibodies having different antigenic
specificities (¢.g., an isolated antibody that specifically binds SLIT3, SLIT2 or SHN3 is
substantially free of antibodies that specifically bind antigens other than SLIT3, SLIT2
or SHN3). An isolated antibody that specifically binds SLIT3, SLIT2, or SHN3 may,
however, have cross-reactivity to other antigens, such as SLIT1 or SLIT-fanuly
molecules from other species. Moreover, an isolated antibody may be substantially free
of other cellular materal and/or chemicals.

{6169] The terms "monoclonal antibody” or "monoclonal antibody
composition” as used herein refer to a preparation of antibody molecules of single
molecular composition. A monoclonal antibody composition displays a single binding
specificity and affimty for a particular epitope.

{(¢118] The term "human antibody,” as osed herein, 1s intended to include
aptibodies having variable regions in which both the framework and CDR regions are
denved from human germline irarmnoglobulin sequences. Furthermore, if the antibody
contains a constant region, the constant region also is derived from human gerndine
immmnoglobulin sequences. The human antibodies of the invention may include amino
acid residues not encoded by human germline immmnoglobulin sequences {(e.g.,
mutations introduced by random or site-specific mutagenesis in vitro or by somatic
mutation in vivo). However, the term "human antibody,” as used herein, is not intended
to include antibodies in which CDR sequences derived from the germline of another
mammalian species, such as a mouse, have heen grafied onto human framework
sequences.

{8111} The term "hwman monoclonal antibody” refers to antibodies displaying

a single binding specificity which have variable regions 1o which both the framework
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and CDR regions are derived from human germline immmmoglobulin sequences. In one
embodiment, the human monocional antibodies are produced by a hybridoma which
includes a B cell obtained from a ransgenic nonhuman animal, e.g., a gansgenic mouse,
having a genome comprising a human heavy chain transgene and a light chain transgene
fused to an inuortalized cell.

{63112} The term "recombinant homan antibody,” as used herein, mncludes alf
human antibodies that are prepared, expressed, created or isolated by recombinant
raeans, such as {a) antibodies isolated from an animal {e.g., a mouse) that is transgenic
or transchromosomal for homan tmmunoglobulin genes or a hybridoma prepared
therefrom (described further below), (b} antibodies isclated from a host cell transformed
to express the human antibody, e.g., from a transfectoma, (c) antibodies isolated froma
recombinant, combinatorial human antibody library, and (d) antibodies prepared,
expressed, created or isolated by any other means that involve splicing of human
iramunoglobulin gene sequences to other DNA sequences. Such recombinant human
antibodies have varzable regions in which the framework and CDR regions are derived
from human germline immunoglobulin sequences. In certatn cmbodiments, however,
such recombinant human antibodies can be subjected to in vitro mutagenesis {(or, when
an animal transgenic for human [g sequences 18 used, in vivo somatic mutagenesis) and
thus the amino acid sequences of the Vi and Vg regions of the recomabinant antibodics
are sequences that, while derived from and related to human germbine Vy and Vi
sequences, may pot naturally exist within the human antibody germline repertoire in
vive.

{6113] As used herein, "isotype” refers to the antibody class (e.g., IgM or
Ig(51) that is encoded by the heavy chain constant region genes.

{8114] The phrases "an antibody recogmzing an antigen” and "an antibody
specific for ap antigen” are used interchangeably herein with the term "an anubody
which binds specifically to an antigen.”

{8115] The term "human antibody derivatives” refers (o any modified form of
the human antibody, e.g., a conjugate of the antibody and another agent or antibody.
{116} The term "humanized antibody™ is intended to refer to antibodies in
which CDR sequences derived from the germline of another mammalian species, such
as a mouse, have been grafted onto human framework sequences. Additional framework
region modifications may be made within the buman framework sequences.

{B117] The term "chimeric antibody" is intended to refer to antibodies in which
the variable region sequences are derived from one specics and the constant region

sequences are derived from another species, such as an antibody in which the variable

54



WO 2019/161136 PCT/US2019/018115

region sequences are derived from a mouse antibody and the constant region sequences
are derived from 2 huroan antibody.
{0118} As ased herein, an antibody that "specifically binds to buman SLIT3,
SLIT2, or SHN3" is intended to refer to an antibody that binds to human SLIT2 or
SLIT2 with a Kp of 1x107 M or less, more preferably Sx107 M or less, more preferably
£x10™ M or less, more preferably Sx107° M or less, even more preferably between 1x107
¢ M and 1x107'" M or less.
{6119} The term "Kasso" o "Ka," as used herein, is wtended to refer to the
association rate of a particular antibody-antigen nteraction, whereas the term "Kus™ or
"Ka," as used herein, is intended to refer to the dissociation rate of a particular antibody-
antigen interaction. The term "Kp," as used herein, is intended to refer to the
dissociation constant, which is obtained from the ratio of K4 to K, (i.e., Ko/ K,) and is
expressed as a molar concentration (M). Kp values for antibodies can be deterntined
using methods well established in the art. A preferred method for determining the Kp of
an antibody is by using surface plasmon resonance, preferably using a biosensor system
such as a Biacore™ system.
{6126] The antibodies of the invention are characterzed by particular
functional features or properties of the antibodies. For example, the antibodies bind
specifically to human SLIT3, SLITZ2, or SHN3. Preferably, an antibody of the invention
binds to SLIT3, SLITZ2, or SHN3 with high affinity, for exampie with a Kp of Ix107 M
or less. The anti-SLIT2, anti-SLIT3, or apti-SHN3 antibodies preferably exhibit one or
more of the following characteristics:

{a) binds to human SLIT3, SLIT2, or SHN3 with a K of 1x107 M or less;

{b) anti-SEIT2 or apti-SLIT3 prevents bone growth; or

{¢} anti-SHN3 increases bone growth.
{6121} Preferably, the antibody binds to human SEIT3, SUITZ, or SHN3 with a
Kp of 3510 M or less, binds to human SLIT3, SLIT2, or SHN3 with a Kp of 1x10° M
or tess, binds to human SLIT3, SLIT2, or SHN3 with a K of 52107 M or less, binds to
human SLIT3, SLIT2, or SHN3 with a Kp of 4x10° M or less, binds to human SLIT3,
SLIT2, or SHN3 with a Kp of 2x10° M or less, or binds to human SLIT3, SLITZ, or
SHN3 with a Kp of between 1x10° M and 1x107 M or less.
{6122] Standard assays to evaluate the binding ability of the antibodies toward
SELIT3, SLIT2, or SHN2 are available, including for example, ELISAs, Western blots
and RIAs. Smtable assays are described in detail in the Examples. The binding kinetics
(e.g., binding affinity) of the antibodics also can be assessed by standard assays known

in the art, such as by Biacore™. analysis.

55



WO 2019/161136 PCT/US2019/018115

{B123] (iiven that each of the subject antibodies can bind to SLIT3, SLIT2, or
SHN3, the Vi and Vg sequences can be "mixed and matched"” to create other anti-
SHN3, anti-SLIT2 or anti-SLIT3 binding molecules of the invention. SLIT3, SLIT2, or
SHN3 binding of such "mixed and matched” antibodies can be tested using the binding
assays described above and in the exaroples (e.g., ELISAs). Preferably, when Vi and Vy
chains are mixed and matched, 2 Vi sequence from a particalar Vu/ Vo pairing is
replaced with a structurally siroilar Vi sequence. Likewise, preferably a Vi sequence
from a particudar Vi / V1. pairing is replaced with a steucturally simidar Vi, sequence.
18124] Accordingly, in one aspect, the inveption provides an 1solated
monoclonal antibody, or antigen binding portion thereof comprising:

{a) a heavy chain variable region comprising an amino acid sequence; and

{b) a light chain variable region comprising an amino acid sequence;

wherein the antibody specifically binds SLIT3, SLIT2, or SHN3, preferably
human SLIT3, SLIT2, or SHN3.
[6125] Given that cach of these antibodics can bind to SLIT3, SLIT2, or SHN3
and that antigen-binding specificity is provided primarily by the CDR1, CDR2, and
CDR3 regions, the Ve CDR 1, CDR2, and CDR3 sequences and Vi, CDR1, CDR2, and
CDR3 sequences can be "mixed and matched” (i.e., CDRs from different antibodies can
be mixed and match, althongh cach antibody nwust contain a Vg CDR1, CDRI, and
CDR3 and a2 Vi CDRI, CDR2Z, and CDR3) to areate other anti-SLIT2 or anti-SLIT3
binding molecules of the invention. SLIT3, SLIT2, or SHN3 binding of such "mixed
and matched" antibodies can be tested wsing the binding assays deseribed above and in
the Examples (e.g., ELISAs, Biacore analysis). Preferably, when Vg CDR sequences are
mixed and matched, the CDR1, CDR2 and/or CDR3 sequence from a particalar Vi
sequence is replaced with a structorally similar CDR sequence(s). Likewise, when Vi
CDR sequences are niixed and matched, the CDRT, CDR2 and/or CDR3 sequence from
a particular V. sequence preferably is replaced with a stracturally similac CDR
sequence(s). Novel Vg and Vi sequences can be created by substitating one or more Vg
and/or Vo CDR region sequences with structurally simmlar sequences from the CDR
sequences of the antibodies disclosed herein.
{B126] 1t is well known in the art that the CDR3 domain, independently from
the CDR1 and/or CDR2 domainds), alone can determine the binding specificity of an
antibody for a cognate antigen and that multiple antibodies can predictably be generated
having the same binding specificity based on a common CDR3 sequence. See, for
example, Klimnka et al., British J. of Cancer 83(2):252-260 (2000) (describing the
production of a humanized anti-CD30 antibody using only the heavy chain variable

domain CDR3 of nwrine anti-CD30 antibody Ki-4); Beiboer et al., I. Mol. Biol.
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296:833-849 (2000) (describing recombinant epithelial glycoprotein-2 (EGP-2)
antibodies using only the heavy chain CDR3 sequence of the parental murine MOC-31
anti-BEGP-2 antibody); Rader et al., Proc. Natl. Acad. Sci. U.S AL 95:8910-8215 (1998)
{(describing a panel of hurmanized anti-integrin .alpha. sgb.v.beta. sub.3 annbodies using
a heavy and light chain variable CDR3 domain

Bispecific Molecules

{81271 In another aspect, the present invention featares bispecific molecules
compnising an apti-SLIT3, SLIT2 or SHN3 aatibody, or a fragment thereof, of the
wvention. An antibody of the mvention, or antigen-binding portions thereof, can be
derivatized or linked to another functional molecule, e.g., another peptide or protein
{e.g., another antibody or ligand for a receptor} to generate a bispecific molecule that
binds to at least two different binding sites or target molecules. The antibody of the
invention may in fact be derivatized or linked to more than one other fimctional
molecule 1o generate nwiltispecific molecules that bind to more than two different
binding sites and/or target molecules; such multispecific molecules are also intended to
be encompassed by the term "bispecific molecule” as used herein. To oreate a bispecific
molecule of the invention, an antibody of the invention can be functionally linked (c.g.,
by chemical coupling, genetic fusion, noncovalent association or otherwise) to one or
more other binding molecudes, such as another antibody, antibody fragment, peptide or
binding mimetic, such that a bispecific maolecule results.

{6128] Accordingly, the present invention includes bispecific molecules
comprising at least one first binding specificity for SLIT3, SLIT2, or SHN3 and a
second binding specificity for a second target epitope. In some cases, the second target
epitope is an Fe receptor, e.g., uman FeyRI{CD64) or a human

Gene transfer vectors

{(t139] SLIT3 or SLIT2 nucleic acid conswrocts, be they intended to generate
SEIT3 or SLITZ, or to interfere with SLIT3 or SLIT2 function, may he delivered via
gene transfer vectors. Strmlarty, SHN2 interfering nucleic acids {that can reduce SHING
expression) may be delivered via gene transfer vectors.

{6138] The invention also provides a gene transfer vector comprising a nucieic
acid sequence which encodes a SLIT3 or SLIT2 polypeptide or an interfering RNA
molecule against SLIT3, SHN3, or SLIT2. The invention further provides a method of
promoting or preventing bone growth, which method comprises adiministering to the
manmal the above-described gene transfer vector. Various aspects of the inventive
gene transfer vector and method are discussed below. Although ecach parameter is
discussed separately, the inventive gene transfer vector and method comprise

corbinations of the parameters set forth below to treat a subject in need thereof.
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Accordingly, any combination of parameters can be used according to the inventive

gene transfer vector and the inventive method.

{8131] For example, admimstration of a SLIT3 or SEIT2 polypeptide, or a
gene transfer vector compnsing a nucleic acid sequence which epcodes a SLIT3 or

SLIT2 polypepuide, can increase bone volurne or the maximal load tolerated by a bone
by at feast 5%, or at least 10%, or at least 20%, or at least 25%, %, or at least 30%, or at
least 40%, or at least 30%, or at least 60%, or at least 70%, or at least 75%, or at least

#0%, or at least 90%, or at least 95%, compared to adroimstration of a placebo (or no
admunistration of SLIT3 or SLEIT2 polypeptide or vector). In some cases, administration
of a SLIT3 or SLIT2 polypeptide. or a gene transfer vector comprising a nucleic acid
sequence which encodes a SLIT3 or SLIT2 polypeptide, can increase bone volume or
the maximal load tolerated by a bone by at least 1.5-fold, or by at least 2-fold.
{6132] A “gene transfer vector™ 18 any molecule or composition that can carry
a heterologous nucleic acid sequence into a suitable host cell where synthesis of the
encoded protein takes place. Typically, a gene transfer vector is a nucleic acid molecule
that has been engineered, using recombinant DNA techniques that available to those of
ordinary skill in the art, to incorporate the heterologous nucleic acid sequence.
Desirably, the gene transfer vector is comprised of DNA. Examples of suitable DNA-
based gene transfer vectors include plasmids and viral vectors. However, gene transfer
vectors that are not based on nucleic acids, such as liposomes, are also known and used
in the art. The inventive gene transfer vector can be based on a single type of nucleic

d {e.g., a plasmid) or noo-nucleic acid molecule (e.g., a ipid or 2 polymer). The gene

transfer vector can be integrated into the host cell genome or can be present in the host
cell in the form of an episorme.
{(333] In one embodiment, the gene transfer vector is a viral vector. Suitable
viral vectors inclode, for example, lentiviral vectors, retroviral vectors, herpes simplex
virus (HSV -based vectors, parvoviras-based vectors, ¢.g., adeno-associated virns
{AAV )-based vectors, AAV -adenoviral chimeric vectors, and adenovirus-based vectors.
These viral vectors can be prepared using standard recombinant DNA technigues
described in, for example, Sambrook et al., Molecular Cloning, a Laboratory Manual,
3rd edition, Cold Spring Harbor Press, Cold Spring Harbor, N.Y. (2001), and Ausubel
et al., Current Protocols in Molecular Biology, Greene Publishing Associates and John
Wiley & Sons, New York, N.Y. (1994).
{B134] In an embodument, the invention provides an adeno-associated virus
(AAV) vector which comprises, consists essentially of, or consists of a nucleic acid
sequence encoding a SLIT3 or SLIT2 polypeptide or an interfering RNA molecule
against SLIT3 or SLIT2 or SHN3. When the inventive AAV vector consisis essentially
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of a nucleic acid sequence encoding a SLIT3 or SLITZ polypeptide or an interfering
RNA molecude against SLIT3 or SEIT2 or SHN3, additional components can be
included that do not materially affect the AAV vector {e.g., genetic elements such as
poly(A) sequences or restriction enzyme sites that facilitate manipulation of the vector
m vitre ).

{B135] Adeno-associated vires is a member of the Parvoviridae family and
comprises a linear, single-stranded DNA genome of less than about 5,000 pucleotides.
AAY requires co-infection with a helper virns (i.e., an adenovirus or a herpes virus), or
expression of helper genes, for efficient replication. AAV vectors used for
adnunistration of therapeutic nucleic acids typically have approximately 96% of the
parental genome deleted, such that only the terminal repeats (ITRs), which contain
recognition signals for DNA replication and packaging, remain. This eliminates
trrmunciogic or toxic side effects due to expression of viral genes. In addition,
delivering specific AAV proteins to producing cells enables integration of the AAV
vector comprising AAV ITRs into a specific region of the cellular genorme, if desired
(see, e.g., U.S. Patents 6,342,390 and 6,821,511). Host cells comprising an integrated
AAV genome show no change in cell growth or morphology (see, for example, U.S.
Patent 4,797,368).

{6136] The AAV ITRs flank the unigue coding nucleotide sequences for the
non-~structural replication (Rep) proteins and the structural capsid (Cap) proteins (also
known as virion proteins (VPs)). The terminal 145 nucleonides are self-complementary
and are organized so that an energetically stable intramolecular doplex forming a T-
shaped harrpin may be formad. These hairpin structures function as an origin for viral
DINA replication by serving as primers for the cellular DNA polyrerase complex. The
Rep genes encode the Rep proteins Rep78, Rep68, Rep52, and Repd0. Rep78 and
Rep68 are trapscribed {rom the pS promoter, and Bep 32 and Bepd0 are transeribed
from the pl9 promoter. The Rep78 and Rep68 proteins are multifunctional DNA
binding proteins that perform helicase and nickase funcuons doring prodoctive
replication to allow for the resolution of AAVY termini (see, e.g., Im et al., Cell, 61:447
{1990)). These proteins also regulate transcription from endogenous AAV promoters
and promoters within helper viruses (see, e.g., Pereira et al., J. Virol, 71:1079 (1997).
The other Rep proteins modify the function of Rep78 and Rep68. The cap genes encode
the capsid proteins VPI, VP2, and ¥YP3. The cap genes are transcribed from the p40
promoter.

{8137] The AAV vector may be generated using any AAV serotype known in
the art. Several AAV serotypes and over 100 AAV variants have been isolated from
adenovirus stocks or from human or nonhwman primate tissues (reviewed in, €.g., Wu et
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al., Molecular Therapy, 14(3): 316 (2006)). Generally, the AAV serotypes have

genomnc sequences of sigmficant homology at the nucleic acid seguence and anmno acid
sequence levels, such that different serotypes have an identical set of genetic functions,
produoce virions which are esseatially physically and functiopally equivalent, and
rephcate and assernble by practically identical mechamsms. AAY serotvpes §-6 and 7-9
are defined as “troe” serotypes, in that they do not efficiently cross-react with
neutralizing sera specific for all other existing and characterized serotypes. In contrast,
AAV serotypes 6, 10 {also referred to as Rhi0), and 11 are considered “variant”
serotypes as they do not adhere (o the definition of a “true” serotype. AAV serotype 2
{AANV2) has been used extensively for gene therapy applications due to its lack of
pathogenicity, wide range of infectivity, and ability to establish long-term transgene
expression (see, e.g., Carter, Hum. Gene Ther., 16:541 (2005); and Wu et al., supra).
Genome sequences of various AAV serotypes and comparisons thereof are disclosed in,
for example, GenBank Accession numbers US9790, J01901, AF043303, and
AF085716; Chiorimi et al., I Virol., 71:6823 (1997); Srivastava et al., J. Vol , 45:555
(1983); Chionini et al., J. Virol., 73:1300 (1999); Rutledge et al,, J. Vical,, 72:309
{1998); and Wu et al., J. Virol., 74:8635 2000)).

{6138] AAV rep and TR sequences are particulardy conserved across most
AAV serotypes. For example, the Rep78 proteins of AAV2, AAV3A, AAV3B, AAV4,
and AAVE are reportedly about 89-93% identical (see Bantel-Schaal et al., J. Virol,
73(2):939 (1999)). 1t has been reported that AAV serotypes 2, 34, 3B, and & share
about 82% total nuclectide sequence identity at the genome level (Bantel-Schaal et al.,
supra). Moreover, the rep sequences and [TRs of many AAVY serotypes are knows to
cfhiciently cross-complement (e.g., functionally suhstitate) corresponding sequences
from other serotypes doring production of AAVY particles in marnmabian cells,

{6139] Generally, the cap proteins, which deterrmne the cellular tropicity of the
AAV parucle, and related cap protein-encoding sequences, are significantly less
conserved than Rep genes across different AAV serotypes. In view of the ability Rep
and [TR sequences to cross-complement corresponding sequences of other serotypes,
the AAV vector can comprise a nyixture of serotypes and thereby be a “chimeric” or
“psendotyped” AAV vector. A chimeric AAVY vector typically comprises AAV capsid
proteins derived from two or more (e.g., 2, 3, 4, etc.) different AAV serotypes. In
contrast, a pseudotyped AAV vector comprises one or more ITRs of one AAV scrotype
packaged into a capsid of another AAV serotype. Chimeric and pscudotyped AAV
vectors are further deseribed in, for example, U.S. Patent No. 6,723,551; Flotte, Mol.
Ther., 13¢1)31 (2006); Gao et al., L Virol., 78:6381 (2004); Gao et al., Proc. Natl. Acad.
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{B148] In one emabodiment, the AAV vector is generated using an AAY that
infects humans {(e.g., AAV2). Alternatively, the AAV vector 1s generated using an
AAY that infects non-buman primates, such as, for example, the great apes (e.g.,
chimpanzees), Oid World monkeys {e.g.. macaques), and New World monkeys (e.g.,
raarmosets).  In one embodiment, the AAV vector is generated using an AAV that
infects a non-human prirmate pseudotyped with an AAV that infects humans. Examples

Therapy, 13:528 (2006). In one embodiment, an AAV vector can be generated which
comprises a capsid protein froni an AAV that infects rhesus macaqgues pseudotyped with
AAV?2 mverted terminal repeats (ITRs). In some cases, the inventive AAY vector
comprises a capsid protein from AAV 10 (also referred to as “AAVh.107), which
infects rhesus nwmcaques pseudotyped with AAV2 [TRs (see, e.g., Watanabe et al., Gene

Ther., 17(8):1042 (2010); and Mao et al., Hum. Gene Therapy, 22:1525 (201 1)),

[6141] o addition to the mucleic acid sequence encoding a SLIT3 or SLIT2
polypeptide or an utterfering RNA molecule against SLIT3 or SLIT2, the AAV vector
may comprise expression control sequences, such as promoters, enhancers,
polyadenylation signals, transcription terminators, internal ribosome entry sites (JRES),
and the like, that provide for the expression of the mucleic acid sequence in a host cell.
Exemplary expression control sequences are knowa in the art and descnbed in, for
example, Goeddel, Gene Expression Techoology: Methods in Enzymology, Vol 185,
Acadermic Press, San Diego, CA. (1990).

{(¢142] A variety of promoters, inchuding consnmuve, inducible, and
repressible promoters, from a variety of different sources can be used in the vectors.
Representative sources of promoters include for example, virus, marmmal, insect, plant,
yeast, and bacteria, and smtable promoters fror these sources are readily available, or
can be made synthetically, based on sequences publicly available, for example, from
depositories such as the ATCC as well as other commercial or individual sources.
Promoters can be umidirectional (i.e., initiate transcription in one direction) or bi-
directional (i.e., initiate transcription in either a 37 or §” direction). Non-limiting
examples of promoters include, for example, the T7 bacterial expression system, pBAD
(araA) bacterial expression system, the cytomegalovirus (CMV) promoter, the SV40
promoter, and the RSV promoter. Inducible promoters include, for example, the Tet
system (U.S. Patent Nos. 5,464,758 and 5,814,618), the Ecdysone inducible system (No
et al., Proc. Natl. Acad. Sci., 93:3346 (1996)), the T-REXTM system (Invitrogen,
Carlsbad, CA), LACSWITCH™ System (Stratagene, San Diego, CA), and the Cre-ERT
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tamoxifen inducible recombinase system (Indra et al., Nuc. Acid. Res., 27:4324 (1999);
Nuc. Aad. Res., 28:¢99 (2000); U.S. Patent No. 7,112,715; and Kramer & Fussenegger,
Methods Mol. Biol., 308:123 (2005)).

{6143} The term “enhancer” as used herein, refers 1o a DNA sequence that
increases transcription of, for example, a pucleic acid sequence to which it is operably
linked. Enbancers can be located many kilobases away from the coding region of the
nucleic acid sequence and can mediate the binding of regulatory factors, patterns of
DNA methviation, or changes 1o DNA structure. A variety of enhancers from a variety
of different soorces are available or can be obtained within cloned polynucieotides
{from, e.g., depositories such as the ATCC as well as other commercial or individaal
sources}. A mamber of polynucleotides comprising promoters (such as the CMV
promoter) also comprise enhancer sequences. Enhancers can be located upstream,
within, or downstream of coding sequences. In some cases, the nucleic acid sequence
encoding a SEIT3 or SLIT2 polypeptide or an interfering RNA molecule against SLIT3
or SLITZ, is operably linked to a CMV enhancer/chicken beta-actin promoter (also
referred to as a “CAG promoter™) (see, e.g., Niwa ¢t al., Gene, 108:193 (1991); Daly et
al., Proc. Natl. Acad. Sci. U.5. A, 96:2296 (1999); and Sondhi et al., Mol. Ther., 15:481
(2007).

[6144] Typically, AAV vectors are produced using well characterized
plasmids. For example, buman emibryonic kidoney 2937 cells are transfected with one of
the transgene specific plasmids and another plasmid contaimng the adenovirus helper
and AAV rep and cap genes (specific to AAVh 10, 8 or 9 as required). After 72 howrs,
the cells are harvested, and the vector is released from the cells by five freeze/thaw
cycles. Subsequent centrifugation and henzonase treatment removes cellular debris and
unencapsidated DNA. Iodixanol gradients and ion exchange columns may be psed to
further porify each AAV vector. Next, the purified vector is concentrated by a size
exclusion centrifuge spin column to the required concentration. Finally, the buffer is
exchanged to create the final vector products formulated (for example) in 1x phosphate
buffered saline. The viral titers may be measured by TagMan® real-time PCR and the
viral purity may be assessed by SDS-PAGE.

Formaulations and delivery

{6145] The present invention also provides & method to prevent bone loss, or
promote bone growth, strengthening, or healing in a subject in need thereof, by
administering to said subject a SLIT3 or SLIT2 agent and it provides a method to
prevent bone growth in a subject in need thereof, by adminisiering to said subjecta

SLIT3 or SLIT2-nterfering agent, in cach case with a pharmaceutically acceptable
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excipient. In cases wherein the SLIT3 or SLIT2 agent or SLIT3 or SLIT2-interfering
agent is a nucleic acid, inclading interfening RNA, it may be carried in a vector.

{8146] In another aspect, the present invention provides pharmaceutically
acceptable compositions which comprise a therapeutically-effective amount of ope or
nmore of a SLIT3 or SLIT2 agent or a SLIT3 or SLIT2-interfering agent, including
vectors carrying them, as described above, formulated together with one or more
pharmaceutically acceptable excipients. In another aspect, the present invention
provides pharmacentically acceptable compositions which comprise a therapeutically-
effective amount of one or more of a SLIT3 or SLIT2 agent or 2 SLIT3 or SLIT2-
interfering agent, as described above, formulated together with one or more
pharmaceutically acceptable excipients and other therapeutically effective medications
known in the art allowing for but not limited to combination therapies to improve
overall efficacy of each individual therapeutic or to limit the concentration of either
therapeutic to avoid side effects and maintain efficacy.  The active ingredient and
excipient(s) may be formulated into compositions and dosage forms. The active
ingredient or compositions thereof can be administered with an orthopedic implant. For
example, the active ingredient or compositions thereof can coat or be bound (covalenty
or non-covalently) to an orthopedic implant.

{6147} As described in detail below, the pharmaceutical compositions of the
present invention mmay be specially fornmiated for administration in solid or liqmd form,
including those adapted for the following: (1) oral administeation, for exarople, tablets,
capsuies, powders, granules, pastes for application to the tongue, agueous or pon-
agueous solutions or suspensions, drenches, or syrups; (2) parenteral admimstration, for
example, by subcutaneous, intramuscular or intravenous injection as, for example, a
sterile solation or suspension; (3) topical apphication, for example, as a cream, ointment
or spray applied to bone,. or provided in a depot formulation, for example embedded or
coating 2 medical device, (4) intravaginally or intrarectally, for example, as a pessary,
cream or foany; (5) sublingually or buccally; (6) ocolarly; (7} transdermally; (8) nasally;
or (9) locally. In some cases, adnunistration is locally, for example, to a bone or site
close to a bone.

{(148] A therapeuntically effective amount of the pharmaceutical composition
of the present invention is sufficient to treat or prevent a disease characterized by
symptoms comprising oss of bone, weakened, damaged, degraded, or broken bones, or
by excessive bone growth, or the risk of these things. The dosage of active ingredient(s)
may vary, depending on the reason for use and the individual subject. The dosage may
be adjusted based on the subject's weight, the age and health of the subject, and

tolerance for the compound or composition.
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{B149] For example, the proteins, macleic acids encoding such proteins,
inhibitors, nucleic acids encoding such peptide inhibitors, and combinations thereof,
may be administered as single or divided dosages. For example, proteins, nucleic acids
encoding such protetas, or inhibitors, nacleic acids encoding such peptide inhibitors,
can be admindstered in dosages of at least about 0.01 mg/kg to about 500 to 750 mg/ky,
of at least about .01 mg/kg to about 300 to 500 mg/kg, at least abowt 0.1 mg/kg to
about 100 to 300 me/kg, at least about § mg/kg to about 100 mg/kg, or at least about 0.1
mg/kg o about 50 to 100 mg/kg of body weight, although other dosages may provide
beneficial results. The amount administered will vary depending on vanous factors
including, but not limited to, the proteins, nacleic acids encoding such proteins,
inhibitors, or nucieic acids encoding such peptide inhibitors chosen for administration,
the disease, the weight, the physical condition, the health, and the age of the mammal.
Such factors can be determined using the information provided herein.

{6156] The phrase “pharmaceutically acceptable” is employed herein to refer
to those compounds, materials, compositions, and/or dosage forms which are, within the
scope of sound medical judgnent, suitable for use in contact with the tissues of the
subject with toxicity, irritation, allergic response, or other problems or complications,
commensurate with a reasonable benefit/risk ratio.

{6151} The phrase “pharmaceutically-acceptable excipient” as used herein
refers to a pharmaceutically-acceptable material, composition or vehicle, suchas a
Liquid or solid filler, dilvent, carner, manufactiring aid (e.g., lubrcant, talc magnesim,
calciura or zince stearate, or steric acid), solvent or encapsulating matenial, iovolved in
carrying or transporting the therapeutic compound for administration to the subject.
Each excipient should be “acceptable” in the sense of being compatible with the other
ingredients of the formulation and not injunous to the subject. Some examples of
materials which can serve as pharmacentically-aceeptable excipients include: sugars,
such as lactose, glucose and sucrose; starches, such as corn starch and potato starch;
celhulose and 1ts dertvatives, such as sodium carboxymethyl ceflulose, ethyl ceflulose
and cellulose acetate; gelatin; talc; waxes; oils, such as peamit oil, cottonseed oil,
satflower oil, sesame oil, olive oil, corn oil and soybean oil; glycols, such as ethylene
glyveol and propylene glycol; polyols, sach as glyeerin, sorbitol, mannitol and
polyethylene glveol; esters, such as ethyl oleate and ethyl laurate; agar; buffering
agents; water; isotonic saline; pH buffered solutions; and other non-toxic commpatible
substances employed in pharmaceutical fornmlations. If desired, certain sweelening
and/or flavoring and/or coloring agents may be added. Other suitable excipients can be

"

found in standard pharmaceutical texts, ¢.g. in "Remington’s Pharmaceutical Sciences”,
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The Science and Practice of Pharmacy, 19th Ed. Mack Publishing Company, Easton,
Pa., (1993).

{8152] Excipients are added to the composition for a variety of porposes.
Difuents increase the bulk of a sobid pharmaceutical composition and may make a
pharmaceutical dosage form containing the composition easier for the patient and
caregiver to handie. Diloents for solid compositions inchude, for example,
niicrocrystaliine cellulose (e.g. Avicel®), ymerofine cellulose, lactose, starch,
pregelatinized starch, calcinm carbonate, calcium sulfate, sugar, dexirates, dextrin,
dextrose, dibasic calcium phosphate dihydrate, tribasic calciom phosphate, kaolin,
magnesium carbonate, magnesium oxide, maltodextrin, manmitol, polyniethacrylates
(c.g. Eudragit®), potassium chioride, powdered cellulose, sodium chlornide, sorbitol and
talc.

{6153] Solid pharmaceutical compositions that are compacted into a dosage
form, such as a tablet, may include excipients whose functions include helping to bind
the active ingredient and other excipients together after compression. Binders for solid
pharmacentical compositions include acacia, alginic acid, carbomer (e.g. carbopol),
carboxymethylcellulose sodinm, dextrin, ethyl cellulose, gelatin, guar g,
hydrogenated vegetable oil, hvdroxyethyl cellulose, hydroxvpropy! ceflulose (e.g.
Kiucel®), hydroxypropyl methyl cellulose (e.g. Methocel®j}, hquid ghucose, magnesivm

alurainum silicate, maltodextrin, methylcellulose, polymethacrylates, povidone (¢.g.

Kollidon®, Plasdone®), pregelatinized starch, sodinm alginate and starch.
{6154] Glidants can be added to improve the flowability of a non-compacted

solid composition and to tmprove the accuracy of dosing. Excipients that may fanction
as ghdants include colloidal silicon dioxide, magpesiur trisilicate, powdered cellidose,
starch, talc and wibasic calcium phosphate.

[{§#155] In liquid pharmaceutical compositions of the present invention, the
SEIT3 or SLIT2 agent, or SLIT3 or SLIT2-imterfering agent, as described above, and
any other solid excipients are dissolved or suspended in a Higod carrier such as water,
water-for-injection, vegetable oil, alcohol, polyethylene glycol, propylene glycol or
glycerin.

{(156] Liquid pharmaceutical compositions may contain emulsifying agents to
disperse uniformiy throughout the composition an active ingredient or other excipient
that is not soluble in the liquid carrier. Emmlsifying agents that may be useful in liquid
comapositions of the present invention include, for example, gelatin, cgg volk, casein,
cholesterol, acacia, tragacanth, chondrus, pectin, methvl cellulose, cacdbomer, cetostearyl

alcobol and cetyl alcohol.
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{8157] Liqud pharmaceutical compositions of the present invention may also
contain a viscosity enhancing agent to improve the mouth feel of the product and/or coat
the hning of the gastrointestinal tract. Such agents include acacia, algmce acid
bentonite, carbomer, carboxymethyleellulose calcivm or sodinm, cetostearyl alcohol,
methyl cellulose, ethylcellbose, gelatin guar gum, hvdroxyethyl cellulose,
hydroxypropyl celtulose, hydroxypropyl methyl cellulose, maltodextrin, polyvinyl
alcohol, povidone, propylene carbonate, propylene glycol alginate, sodium alginate,
sodim starch glycolate, starch tragacanth and xanthan gum.

{6158} Preservatives and chelating agents such as alcohol, sodivm benzoate,
butylated hydroxy toluene, butylated hydroxyanisole and ethylenediamine tetraacetic
acid may be added at levels safe for ingestion to improve storage stability.

[6159] According to the present invention, a liquid composition may also
contain a buffer such as ghiconic acid, factic acid, citric acid or acetic acid, sodium
gluconate, sodium Jactate, sodium citrate or sodium acetate. Selection of excipients and
the amounts used may be readily determined by the formulation scientist based upon
experience and consideration of standard procedures and reference works in the ficld.
[6166] Swuitable formulations for the composition include aqueous and non-
agueous solutions, isotonic sterile solutions, which can contain anti-oxidants, buffers,
and bacteriostats, and agueous and non-aqueous sterile suspensions that can include
suspending agents, solubilizers, thickening agents, stabilizers, and preservatives. The
formulations can he presented in unit-dose or nmla-dose sealed containers, such as
arapules and vials, and can be stored in a freeze-dried (fvophilized) condition requiring
ondy the addition of the stenle higuid carner, for example, water, iramediately prior to
use, Extemporaneons solutions and suspensions can be prepared from sterife powders,
granaies, and tablets of the kind previously described. In one embodiment, the carrier is
a4 buffered saline solntion. In one erpbodiment, the inventive gene transfer vector is
administered in a composition formulated to protect the gene transfer vector from
damage prior to administration. For example, the composition can be formlated to
reduce loss of the gene transfer vector on devices used to prepare, store, or administer
the gene transfer vector, such as glassware, syringes, or needles. The composition can
be formmulated to decrease the light sensitivity and/or temperature sensitivity of the gene
transter vector. To this end, the composition may coniprise a pharmaceutically
acceptable liquid carrier, such as, for example, those described above, and a stabilizing
agent selected from the group consisting of polysorbate 80, L-arginine,
polyvinylpyrrolidone, trehalose, and combinations thereof. Use of such a composition
will extend the shelf life of the gene transfer vector, facilitate adminisiration, and

increase the efficiency of the inventive method. Fornwilations for gene transfer vector -
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containing compositions are further described in, for example, Wright et al., Curr. Opin.
Drug Discov. Devel., 6(2): 174-178 (2003) and Wright et al., Molecular Therapy, 12:
171-178 (2005).

{8161] Salid and liquid compositions may alsc be dved using any
pharmaceutically acceptable colorant to improve their appearance and/or facilitate
patient identification of the prodoct and unit dosage level.

{8162] The dosage form of the present invention roay he a capsule containing
the composition, for example, a powdered or granulated solid coraposition of the
invention, within either a hard or soft shell. The shell may be made from gelatin and
optionally contain a plasticizer such as glycerin and sorbitol, and an opacifying agent or
colorant.

[6163] A composition for tableting or capsule filling may be prepared by wet
granuiation. In wet granulation, sorae or all of the active ingredients and excipients in
powder form are blended and then further nixed in the presence of a hiquid, typically
water, that causes the powders to clump into gramules. The granuiate is screened and/or
oniled, dried and then screened and/or milled to the desired particie size. The granulate
may then be tableted, or other excipients may be added prior to tableting, such as a
glidant and/or a hubricant.

[0i64] Smtable formulations for the composition include solid and semi-solid
compositions. For example, vectors and/or proteins can be mixed with or complexed to
a carner to render it resistant to dispersion from the site of delivery, to inhibit acidic and
enzymatic hydrolysis, or a combination thereof. In some cases, the vectors and/or
proteins can be packaged in a carrier that includes one or more types of crystalline
matenials, amorphous materials, Bposomes, hpids, charged lipids {e.g., cytofectins),
DNA-protein complexes, and biopolymers. The compositions can be encapsulated, e.g.,
in liposomes or bioploymerws, or in a formulation that provides for slow or reduced
release of the active ingredient. Liposomes can be ased for encapsulation and
transfection of nucleic acids and proteins in vitro. Synthetic catiomic Hipids can Hmit
problems encountered with liposome-mediated transfection and can be used to prepare
liposomes for in vivo transfection of a nucleic acids (Feigner et al, Proc. Natl. Acad.
Sci. USA. 84:1413 (1987); Mackey et al, Proc. Natl Acad Sci. USA £3:8027 (1988);
and Ulmer et al, Science 259:1145 (1993)). The use of cationic lipids may promote
encapsulation of negatively charged nucleic acids and can promote fusion with
negatively charged cell membranes (Feigner et al., Science 337:387 (1989)). Useful
lipid corapounds and compositions for transfer of nucleic acids are described in
WOO5/18863, WOO6/17823 and U.S. 5,459,127, Lipofection can be used to introduce

exogenous genes into the specific sites in vivo. Lipids may be chemically coupled to
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other molecules for targeting the complex to specific sites (e.g., to bone-related sites).
Targeted peptides, e.g., hormones or peurotransmitters, and proteins such as antibodies,
or non-peptide molecules {e.g., ligands) can he coupled to liposomes or to other carners.
{8165] In some cases, the effect of a drug or active agent can be prolonged, for
example, by slowing the absorption of the drug from local admimstration, subcutaneous
wjection, or intrammuscular injecuon. This may be accomplished using a hquid
suspension of crystalline or amorphous material baving poor water solubility. The rate
of absorption of the drug then depends upon its rate of dissolution which, in turn, may
depend upon crystal size and crystalbine form. Alternatvely, delayed absorption of a
locally-administered drug form is accomplished by dissolving or suspending the drug in
an oil vehicle. Injectable depot forms can be made by forming microencapsulated
natrices of the subject compounds in biodegradable polymers such as collagen, gelatin,
or polylactide-polyglycolide. Depending on the ratio of active ingredient to polymer,
and the nature of the particular polymer emploved, the rate of active ingredient release
can be controlied. Examples of other biodegradable polymers include poly(orthoesters)
and polv(anhvdrides). Depot injectable formulations are also prepared by entrapping
the drug in liposomes or microermmulsions which are compatible with hody tissue.

[6166] With respect to delivering SLIT3 or SLITZ agents, or SLIT3 or SLIT2
interfering agents to bone, methods can include delivery the active ingredient with bone
morphogenic protein, platelet-derived growth factor, or a combination thereof to bone in
the contexts of oral, periodontic, ortheopedic, spine, and other surgeries and procedures.
See each of Shah et al. (2012) and Friedlaender, GE et al. (2013), each of which is
incorporated herein by reference in its entirety. This includes versions of SLIT3 or
SLIT2 protein or antibodies against SLIT3 or SLIT2, with additions of anionic araino
acids such as ghitamic and aspartic acid, intended to provide electrostatic targeting of
SEIT3 or SLIT2 to bone surface.

Liposomes and sanoparticles

{367} In an embodiment of the present invention, the pharmaceutical
composition or formulation containing a SLIT3 or SLIT2 agent, ora SLIT3 or SLIT2
interfering agent can be encapsulated in a lipid formulation, for example as described in
Semple et al., “Rational Design of Cationic Lipids for siRNA Delivery,” Nature
Biotech. 28:172-176 (2010), W02011/034798 to Bumerot et al., WO2009/111658 10
Bumcrat et al., and WOZ2010/105209 to Bumcerot e al., which are hereby incorporated
by reference in their entirety.

{8168] In another embodiment of the present invention, the delivery vehicle is
a nanoparticle. A varicty of nanoparticle delivery vehicles are known in the art and are

suitable for delivery of a SLIT3 or SLITZ agent, or SLIT3 or SLIT2 interfering agent, of
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the invention (see e.g., van Vierken et al., “Multi-functional Polymeric Nanoparticles
for Tomour-Targeted Drag Delivery,” Expert Gpin. Drug Deliv. 3(23:205-216 (20006),
which is hereby incorporated by reference in its entivety). Suitable nanoparticles
include, without imitation, poly{beta-amino esters) (Sawick: et al., “Nanoparticle
Delivery of Suicide DNA for Epithelial Ovarian Cancer Cell Therapy,” Ady, £xp. Med,
Biol. 622:209-219 (2008}, which is hereby incorporated by reference in its entirety),
polyethylenimine-alt-poly(ethylene glveol) copolvimers (Park ot al., “Degradable
Polyethyleni mine-alt-Pol y(ethylene glycol) Copolymers As Novel Gene Carriers,” /.
Control Release 105(3):367-80 (2005} and Park et al., “Intratymoral Administration of
Anti-KITENIN shRNA-Loaded PEL-alt-PEG Nanoparticles Suppressed Colon
Carcinoma Established Subcutanecusly in Mice,” J Nanosci. Nanotechnology
10(5):3280-3 (2010), which are hereby incorporated by reference in their entirety), and
liposome-entrapped siRNA nanoparticles (Kenny et al., “Novel Multifunctional
Nanoparticle Mediates siRNA Twmor Delivery, Visualization and Therapeutic Tumor
Reduction /n Vivo,” J. Control Release 149(2): 111-116 (201 1), which is hereby
incorporated by reference in its entirety). Other nanoparticle defivery vebicles suitable
for use in the present invention include microcapsule nanotube devices disclosed in 1.8,
Patent Publication No. 2010/0215724 to Prakash et al., which is hereby incorporated by
reference in its entirely.

[0169] SLIT3 or SLIT2 agents, or SLIT3 or SLIT2 interfering agents,
including liposomes or panoparticles camying thern or mto which they are incorporated,
may be targeted to bone using strategies such as a hisphosphonate conjugation or
{AspSerSerit-hiposomes and Aptamer-functionahized lipid nanoparticles to increase the
fractional distribution to bone (Zhang, Guo, et al. 2012, Liang et al. 2015, Guan ot al.
2012, Yao et al. 2013),

Polymers

{6170] Hydrophilic polymers suitable for use in the present invention can be
those which are readily water-soluble. Hydrophilic polymers can also be covalently
attached to a vesicle-forming lipid. The polymers employed can include those which are
tolerated in vivo without toxic effects (i.e., are biocompatible). Suitable polymers
include collagen, polyethylene glycol (PEG). polylactic (also termed polylactide),
polvglyeolic acid (also termed polyglycolide), a polylactic-pol yglycolic acid copolymer,
and polyvinyl alcohol. Polymers include those having a mwlecular weight of from about
100 or 120 daltons up to about 5,000 or 10,000 daltons, and for cxarpie those having a
molecular weight of from about 300 daltons to about 5,000 daltons. In soine cases, the
polymer can be polyethylene glveol having a molecular weight of from about 100 to

about 5,000 daltons or having a molecular weight of from about 300 to about 5,000
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daltons. In some cases, the polymer is polyethvlene glveol of 750 daltons (PEG(750)).
Polymers may also be defined by the pumber of monomers therein; 1n some cases,
polymers of at least about three monomers, such PEG polymers consisting of three
raopomers (approximately 150 daltons) can be vsed.

{8171} Other hydrophilic polyrers which may be suitable for use in the
present invention include polyvinylpyrrolidone, polymethoxazoline, polyethyloxazoline,
polyhydroxypropyl methacrylamide, polymethacrviamide, polydimethylacrylamide, and
derivatized celluloses such as hydroxymethyleelinlose or hydroxyethylcelulose.

{63172} In certain embodirnents, a formmulation of the present invention
comprises a biocompatible polymer selected from the group consisting of polyamides,
polycarbonates, polyalkylenes, polymers of acrylic and methacrylic esters, polyvinyl
polymers, polyglyecolides, polysiloxanes, polyvurethanes and co-polymers thereot,
celluloses, polypropylene, polvethylenes, polystyrene, polymers of lactic acid and
glveolic acid, polyanhydrides, poly(ortho)esters, polv(butic acid), poly{valeric acid),
poly(lactide-co~caprolactone), polysaccharides, proteins, polvhvahironic acids,
polycvanoacrylates, and blends, mixtures, or copolymers thercof.

Cyclodextrins

{6173] Cyclodextrins are cyclic oligosaccharides, consisting of 6, 7 or 8
glucose units, designated by the Greek letter alpha, beta, or gamma, respectively.
Cyclodextrins with fewer than six glucose units are not known to exist. The glucose
vnits are linked by alpha-1,4-glucosidic bonds. As a consequence of the chawr
conformation of the sugar units, all secondary hydroxyl groups (at C-2, C-3) are located
on one side of the ring, while all the privoary hydroxyl groups at C-6 are situated on the
other side. As a result, the external faces are hydrophilic, making the cyclodexiring
water-soluble. In contrast, the cavities of the cyclodextrins are hydrophobie, since they
are Hned by the hydrogen of atoms C-3 and C-3, and by ether-like oxygens. These
matrices allow complexation with a vanety of relatively hydrophobic compounds,
including, for instance, steroid compounds such as 17-beta-estradiof {see, ¢.g., van Uden
et al. Plant Cell Tiss. Org. Cult. 38:1-3-113 (1994)). The complexation takes place by
Van der Waals interactions and by hydrogen bond formation. For a general review of
the chemistry of cyclodextrins, see, Wenz, Agnew. Chem. Int. Ed. Engl., 33:803-822
(1994},

{8174] The physico-chemical properties of the cyclodextrin derivatives depend
strongly on the kind and the degree of substitution. For example, their solubility in
water ranges from insoluble (e.g., triacetyl-beta-cyclodexirin) to 147% soluble (w/v) (G-
2-beta-cyclodextrin). In addition, they are soluble in many organic solvents. The

praopertics of the cyclodextring enable the control over solubility of various formulation
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comaponents by increasing or decreasing their solubility. Numerous cyclodextrins and
raethods for their preparation have been describad.

Exampies
{8175] The present descniption is further tHustrated by the following examples,
which should not be constroed as Hmiting in any way. The contents of all cuted
references (including hteratore references, issuved patents, published patent applications
as cited throughout this application) are hereby expressly incorporated by reference.

Exarople 1: SHNI/SLIT3 are Important for Bone Regeperation

Methods
Genetically modified mice
[6176] Shn3" (BALB/o), Shn3™ S (C5TBL/6Y), Shn3 floxed allele (CSTBL/GY),
Slit3 " (BALB/C), Robol” (JCR) and Robo4™ (C5TBL/G)) mice were all previously
reported, with Robol™ mice being a generous gift from Dr. Marc Tessier-Lavigne
(Taworski and Tessier-Lavigne 2012, Shim et al. 2013, Wein et al. 2012, Zhang et al.
2009, Jones et al. 2008, Yuan et al. 2003). To generate STie3 floxed mice, the SLIT3-F08
mouse embryonic stera {E3) cell finc in which exon 8 is flanked by JoxP sites was
obtained from International Mouse Phenotyping Consortium (IMPC). After validation,
FO8 EC cells were injected into C57BL/OT blastocysts, and the derived chumeras
displaying germline transmissions were selected for further breeding. The LacZ and neo
cassettes were removed by intercrossing with transgenic mice expressing Fip
recombinase. $1it? floxed roice were backerossed with CS7TBL/6) mice for 8 generations.
{8177] Transgenic nmce expressing Cre recombinase under control of the cdhbS
promwoter (cdh5-Crey (Chen et al. 2009), osterix promoter (osx-Cre) (Rodda and
McMzahon 2006), dmpd promoter (dmpi-Cre) (Lu et al. 2007) and Osteocalcin-CreERT
mice {Park et al. 2012) were mated with $hn3 floxed mice or $413 floxed mice fo obtain
varous Shns or S35 conditional KO mouse. For postnatal activation of CreERT,
100mg/kg tamoxifen (Sigma) in corn ol (Sigma) was traperitoneally injected to one-
month-old mice once a day for five consecutive days. Littermate controls were atitized
for all experiments.
{B178] All animals were maintained in accordance with the National {nstitutes
of Health Guide for the Care and Use of Laboratory Amimals and were handled
according to protocols approved by the Weill Cornell Medical College subcommiittee on
animal care ({ACUC).
pCT Analysis
{8179] Micro-CT (uCT) analysis was conducied on a Scanco Medical pCT 35

system at the Citigroup Biomedical Tmaging Core using the previously described

71



WO 2019/161136 PCT/US2019/018115

parameters. (Shim et al. 2013).  uCT analysis was performed by an investigator
blinded to the genotypes of the animals under analysis.

Immunofluorescence, histology and histomorphbometry

{B188] For immunofluorescence, fresh bone dissected and soft tissues from
wild-type mice and mutant mice were collected and tromediately fixed 1n ice-cold 4%
paraformaldehyde solution for overnight. Decalcification was specially carried out with
0.5 M EDTA at 4°C with constant shaking for bone samples from mice (age > 1W). All
samples were ernbedded in OCT compound (Sakura) and cut into 25-urn-thick sagittal
sections using a cryostat (Letca). Immunofluorescence staining, and analysis was
performed as described by Fukuda et al. (2013) and Xu et al. (20173, b). Briefly, after
treatment with 0.2% Triton X-100 for 10 min, sections were blocked with 5% donkey
serum at room temperature for 30 min and incubated overnight at 4°C with antibodies:
D31 (553370, BD Pharmigen, 1:100), CD31 conjugated to Alexa Fhuor 488
(FAB3G28G, R&D Systems, 1:50), Endonwicin (sc-65495, Santa Cruz, 1:100) or Beta
Galactosidase antibody (GTX77365, Gene Tex, 1:100). Primary antibodies were
visnalized with species appropriate Alexa Fluor-coupled secondary antibodies (1:400,
Molecular Probes). Nuclet were counterstained with DAPE An Olympus IX81 confoca
orcroscope or Zeiss LSM-880 confocal microscope was used to image samples.
Cuantification of skeletal vasculature was performed as previously described (Fukuda et
al. 2013). Briefly, the CD31-postive or Endomucin-positive (red) area relative to the
total bone marrow area (visualized in blue) was calculated using Tmage J software (see
website at rsbweb, nih, gov/iy/).

{181} For whole-mount immmnostaining, yetinas were collected from adult
mice after systemic or Jocal SLIT3 administration 1o bone fracture models.

{(382] For histological analysis, hindhmibs were dissected from the mice or
human callus, fixed in 10% neutral boffered formalin for 24-48 hours, and decalcified
by daily changes of 15% tetrasodiorn EDTA for 2 weeks. Tissues were dehydrated by
passage through an ethanol series, cleared twice 1n xylene, embedded in paraffin, and
sectioned at 7pm thickness. Decalcified sections were stained with hematoxylin and
cosin (H&E). We incubated the slides with primary antibody to mouse EMCN (sc-
65495, Santa Cruz, 1:200) and human St3 (ab198726, Abcam 1:50Y at 37 °C for 2 h
and subsequently used a horseradish peroxidase~streptavidin detection system (Dako} to
detect the traraunoreactivity. The number and volume of positively stained vessels was
measured 1n four random visual fields of callus 10 3 sequential sections per mouse in
cach group.

{6183] For histomorphometry, mice were injected with calcein (25mg/kg,

Sigima), and undecalcified sections of the humbar vertebrae were stained using von
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Kossa and TRAP as described by Fukuda et al. (2013). Static and dynauic
histornorphometric analysis was performed with using the Osteorneasure Analysis
System {Osteometrics) following standard nomendlatare as descrbed (Dempster et al.
2013). Bone volume/iotal volume (BV/TV), bone formation rate/bone surface
(BFR/BS, umy’ oy vr''), mineral apposition rate (MM, um Day’'), osteoblast
surface/bone surface (Ob.5/BS, %) and osteoclast mimber/bone perimeter (No.
OC/Bpm) were analyzed.

Flow cytometry and Cell Sorting

[8184] Fermnur and tibia were dissected from mutant mice and control groups
after removing surrounding connective tissues. The metaphysis region and diaphysis
regions of bone was crushed in Hanks Balanced Salt Solution (Life Technologies)
containing 10 mM HEPES (pH 7.2) {CellGro) and enzymatically digested with 2.5
mg/ml. Collagenase A (Roche) and 1 unit/ml. Dispase I (Roche) for 15 minutes at
37°C under gentle agitation. The resulting cell suspensions were filtered (40 pmy),
washed using PBS (pH 7.2) containing (.5% BS A (Fraction V) and 2 mM EDTA. After
washing, equal numbers of cells per mouse were blocked with Purified Rat Anti-Mouse
CD16/CD32 (BD Biosciences) for 30 min on ice, then stained with APC-conjugated
EMCN antibody {ebioscience 50-3851-80), PE-conjugated CD31 (ebioscience 12-0311-
81), FITC-conjugated CD45 {Tonbo 35-0451), APC/CyT7-conjugated Terl 19 (Biclegend
116223) and Per(CP-Cy5.5-conjugated C 146 (BD Biosciences 56223 1) for 45 minon
ice. After washing, cells were resuspended 10 PBS (pH 7.2) with 2 mM EDTA and
Tug/ml 4-6,Diamidino-2-Phenylindole (DAPT) {(Jive/dead exclusion) for analysis onan
LSRII flow cytometer system (BD Biosciences) cytometer and analyzed using Flowlo
software (TreeStar), Cell sorting was perforroed with a FACS Aria 1T SORP cell sorter
{Becton Dickinson) at Wetll Cornell Medical College, with exclusion of DAPT cells
and doublets. The strategy to sort CD31"EMCN" endothelial cells is diagrammed in
extended FIG. 7C.

Osteoblast Culture and Differentiation Assays.

{6185] Primary calvarial osteoblasts were isolated from five-day-old mice by
triple collagenase/dispase [T digestion. Cells were cultured in o-MEM medium (Gibeo)
containing 10% FBS, 2 mM L-glutamine, 1% penicillin/streptomycin, 1% Hepes, and
1% nonessential amino acids and differentiated with ascorbic acid and -
glveerophosphate. Conditioned medinm was collected from culture of priunary
osteoblasts and stocked at -80 °C. BMSCs were cultured and differentiated into
osteoblasts using a conumercial kit (Cyagen). All cells were routinely tested to be

raveoplasma negative.
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{Bi86] For staining of extracellular matrix mineralization, cells were fixed with
10% neutral buffered formalin and stained with alizann red. Mineralization activity was
raeaswed by colorimetric analysis. For atkaline phosphatase (ALP) acuvity, osteoblasts
were fixed with 10% neutral formalin huffer and stained with the sofution containing
Fast Bhue and Naphthol (Sigma-Aldnch). Alternatively, osteoblasts were incubated with
[G-fold diluwed Alamar Bloe solution, washed, and incubated with a solution containing
6.5 oM NaCOs, 18.5 mM NaHCGs, 2 mM MgCls, and phosphatase substrate (Sigroa-
Aldrich). ALP activity was roeasured by a spectrophotometer (Thermo).

Osteoclast Culture and Differentiation.

{3187} Murine bone marrow cells were flushed from the femwur and tibia of
niice and cultured in petri dishes in o-MEM medium with 10% FBS and 20ng/ml of M-
CSF. Nenadherent cells were replated into tissue culture dishes and cultured in the same
medium for 3 d to obtain osteoclast precursors. The osteoclast precursors then
differcutiated into osteoclasts in the presence of hwnan RAMKL (50 ng/oud; PeproTech)
and M-CSF for 3 days. Peripheral blood mmononuciear cells from the whole blood of
healthy volunteers were isolated by density gradient centrifugation using Ficoll
(Invitrogen, Carlsbad, CA). CDl14-positive cefls were purified from fresh PBMCs using
anti-C14 magnetic beads (Miltenyi Biotec, Auburn, CA), as recommended by the
mamufacturer. Human mounocytes were coltured in a-MEM with 10% FBS in the
presence of M-CSF (20 ng/mi; PeproTech, Rocky Hill, NJ) for 2 d to obtain monocyte-
derived macrophages. Experiments with human cells were approved by the Hospital for
Special Surgery Institutional Review Board.

Endothelial cell culture and functional assays.

{618R] Mouse bone marrow derived late-stage endothelial progenitor
outgrowth celis (EPOCs) were obtained from BioChain (7030031) and cultwred in
growth medium {BioChain Z7030035) as described previowsly (Xie et al. 2014},
Endothelial cell migration assay was set op 10 Transwell-24 well plates with 8-um pore
filters. Briefly, 1x10° cells/well after 1-hour serum starvation were seeded in the upper
chamber, then incubated with conditioned medium from osteoblasts and control in the
fower chambers for a further 3h. The cells in the upper surface of each filter were
removed with cotton swabs. The cells that migrated into the lower surface were fixed
with 4% PFA for 30 min and then stained with crystal violet. The cell numbers were
quantified by counting a centered nxcroscope field per each filter (5 wells for each
condition). Endothelial cell wound healing assays were conducted in 12-well plates
precoated with gelatin (Stemcell Technologies). 3x10° cells/well were plated overnight
and stirmudated with a wound in the forra of a single linear scratch made with a yellow

pipette tip. After gently washing the well twice, cells were cultured in medium with
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SLIT3 or vebicle. At 6 and 12 hours after injury, cells were stained by 0.5% crystal
violet and photographed. The width of the wound area was quantitatively evaluated
using ImageF (see website at rsb.iafo.oh. goviij/download. html). Endothelial cell
proliferation assays were conducted in 96-well plates pre-coated with gelatin (Stemceell
Techoologies). EPOCs (3x 10" cells/well) were seeded in the medium with a serial
dilution of SLIT3 protein or vehicle in plates. At 0, 24, 48 hours after seeding, cells
were incubated with 10-fold dituted Alamar Blue solution (Thermo Fisher) and the
supernatant was evaluated with a spectrophotometer (Thermo) (5 wells for each
condition). Endothelial cell twbe formation assay was conducted in 96-well plates pre-
coated with Matrigel (BD). After 1h serum starvation, EPOCs (3x10* cells/well) were
seeded in conditioned medium dilution or control medium on polymerized Matrigel in
plates. After 5 hours incubation at 37 °C, the number of tube branches each well was
observed and quantified by counting four random ficlds per well with nicroscopy (3
wells for each condition).

{uantitative real-time PCR analysis

[6189] Total RNA was extracted using TRIzol reagent (Invitrogen) or RNeasy
Mini Kit (Qiagen), and reverse transcription was performed with the High-Capacity
cDNA Reverse Transcription Kit from Applied Biosystems according to the
mamufacturer’s instrictions. We performed quantitative analysis of gene expression
using SYBR® Green PCR Master Mix (Applied Biosystems) with the Mx3000P real-
time PCR system (Agilent Technologies). Hprf expression was used as an internal
control.

RNA sequencing and analysis.

{6190] Reads were aligned to the rom9 mouse transcripts using STAR (version
2.3.0e) (Dobin et al. 2013} using default parameters and resudting bam files were sorted
and indexed using samtools. Gene counts were obtlained by applying feature counts
{version §.4.3) (Liao, Smyth, and Shit 2014) to sorted bam files, and only unique-
mapping reads were used. Genes without any expression counts in any sample were
discarded. The DESeq2 (version 1.4.5) R package (Love, Huber, and Anders 2014) was
employed to normalize gene count data, and then detect differentially expressed genes
{DEG) between mutant mice and control groups with (FDR<0.1 and absolute log2 fold-
change>0.5). Mosaic version 1.1 was used to retrieve gene ontology (GO) information
for all genes of the nwouse genome (Zhang, Hanspers, et al. 2012). Functional analysis
was performed on DEG with DAVID (Huang da, Sherman, and Lempick: 2009)
(version 6.7) and biological process GO terms with ennchment p<0.05 were sclected as
overrepresented functions

Western blot analysis.
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{B8151] Western blot analysis was performed according to a previously
described standard protocol. {Greenblatt et al. 2016) Primoary antibodies were specific
for SLIT3 (1:500; R&D Systems, AF3629), ROBO1 (1:300; Abcam, ab7279), ROBO2
(1:1000; Abcam, ab75014), YAP (1:1,000; Cell Signaling, 4912), p-YAP (1:1,000; Cell
signaling, 4911), AKT (1:1,000; Cell Signaling, 4691), p-AKT (1:1,000; Cell Signaling,
4060}, ERK (1:1,000; Cell Signaling, 8102), p-ERK (1:1,000; Cell Signaling, 101 and
beta-actin {1:5,004; s¢c-47778, Santa Cruz)y or Hep90 (1:1000; s¢-13119, Santa Cruz).
Secondary anti-aouse/rabbit HRP-conjugated antibodies were subsequently applied.
ELESA analysis.

[6192] SLIT3 ELISA (Lifespan LS-F7173) and CTX ELISA (Lifespan L5-
F21349) analysis was performed by using a kit. All ELISA assays were run according to
the manufacturer’s instructions.

Bone fracture model

[6193] All surgical procedures were performed under isoflurane (1-4%)
anesthesia via nosecone. Surgical sites were sterifized using 2
betadine/iodide/isopropanol prep after bair removal by a clipper with a #40 blade and
depilatory cream (Nair). After surgery, the visceral lining or pwscle was sured with
absorbable Ethicon vicryl sutires (VWR, Cat #95057-014) prior to closing the skin with
wound clips that were then removed 2 weeks post-operatively. Animals received
intraperitoneal Buprenex (0.5 mg/kg) and oral Meloxicam (2.0 mg/kg) as anaigesia paor
to surgery and once every 24 howrs post-surgery for 3 davs. All surgical procedures are
approved by the TACUC of Weill Corpell Medical College (Protocol #2012-0005).
{6194] Bone fractare was done following previously described protocols with
modifications {Bradaschia-Correa et al. 2017). In brief, after anesthesia and surgical site
sterifization, an incision above the right anterolateral fermur was made. The femor and
patella were then exposed, and 2 27-gange syringe needle was inserted parallel with the
long axis of the ferour through the patellar groove into the marrow cavity. The needle
was then removed, and a single cat was made in the imddle of the femoral diaphysis
using a dremel saw with a diamond thin cutting wheel (VWR, Cat#100230-724). A
blunt 25-gauge needle was then inserted into the marrow space through the hole made in
the patella to stabilize the fracture. The needle was then trimmed to avoid it from
projecting into the patella-femoral joint space. Muscle was then placed over the
osteotomy site and stitched with absorbable sutiiees prior to closing the skin with wound
clips.

{61985] When assessing the therapentic effects of SLIT3, Img/kg body weight
of SLIT3 recombinant protein (R&D) or vehicle was intravenous injected to the mice

twice per week for 3 weeks after the surgery. Altemnatively, the gelatin sponge was

76



WO 2019/161136 PCT/US2019/018115

manually soaked with SLIT3 (300ug/oil in PBS) or vehicle for 1 hour on ice and
immediately placed to the surgical fracture area. Al ammals were enthanized by CO2 at
tirae points indicated.

Ovariectomy-induced bone loss

{6196] For the prophylactic model, 12-week-old female mice (JAX) were
anesthetized and bilaterally ovariectomized or sham operated. Ovanectomized mice
were given twice weekly intravenous injections of 1myg per kg body weight of SEIT3 or
vehicle or daily subcutaneous (s¢) injections of 80ug/kg PTH (1-34) for 6 waeks starting
2 weeks after ovartectomy. For the model where SLIT3 was delivered in a therapewtic
nmanner after osteopenia onset, OVX was performed in 12-week old mice, mice were
observed for 8 weeks post-OVX to allow for onset of osteopenia, and then mice were
treated with SLIT3 (Img/kg) or vehicle for 6 further weeks. All mice were then
randomliy assigned to one of four groups: Sham, OVX +vchicle, OVX + 5LIT3 and
OVX + PTH. Three days after the last injection, all of the mice were euthbanized and
subjected to bone analysis as described carlier.

Biomechanical Analysis

[6197] All bones were tested to fatlure using four-point bending on a precision
clectromagpetic-based load frame (EnduraTEC ELF 3200, Bose Corporation,
Mionetonka, MC). Femurs were placed with the posterior surface on the lower supports,
spaced 9.9 mm apart. The upper supports were spaced 3.3 mm. Load was applied ata
rate of 0.1 momw/s until fathire occurred. The failure load (N} and bending stiffness
{(N/mnr’) within the elastic range were caleulated from the force-displacerent curves
and the four-point dimensions.

Human bone callus collection

{¢198] The project was approved by the Ethics Conumnittee of Shaoxing
People’s Hospital (No. 080) and the protocol was carried out in accordance with
approved guidehines. Preoperative informed consent was obtained from each patient.
From January 2010 to June 2014, bone callus samples were obtained from patients
undergoing surgical treatment in the Department of Orthopedics of Shaoxing People’s
Hospital. Callus was collected from patients who required surgical treatment for fatlure
of skeletal traction.

{6199} Inclusion criteria were as follows: (1) surgeries after failure of
conservative treatment or external fixation were applied temporarily before open
reduction and plate fixation for long bone fractures; (2) secondary surgerics after failure
of internal fixation, including Joosened or broken plates or screws, bent or broken
intramedullary nails, and fracture angufation and aversion abnormalities; and (3)

secondary surgeries for hypertrophic nomunion. Exclusion criteria were as follows: (1)
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fracture complicated with microbial infection; (2) fracture complicated with brain
ijury; (3) bone tumors; {(4) systemic bone-related diseases; and (5) patients treated with
hormmones, sterotds, vitarnin D, or calcium.
Statistical Methods
[6268] All data were presented as the mean & s.e.mn. Sample sizes were
calculated on the assumption that a 30% difference in the parameters measured would
be considered hiclogically significant with an estimate of sigma of 10-20% of the
expected roean. Alpha and Beta were set to the standard vabies of .05 and 0.8,
respectively. No animals or sarnples were exchuded from analysis, and, where
applicable, animals were randomized to treatment versus controf groups. For data
analysis, where relevant, we first performed the Shapiro-Wilk normality test for
checking normal distributions of the groups. If normality tests passed, two-tailed,
unpaired Student’s #-test and if normality tests failed, and Mann-Whitney tests were
used for the comparisons between two groups. For the comparisons of three or four
groups, we used one-way ANOV A if normality tests passed, followed by Tukey's
oitiple comparison test for all pairs of groups. If normality tests failed, Kruskal-Wallis
test was performed and was followed by Dunn’s mouitiple comparison test. The
GraphPad PRISM software (v6.0a, La Jolla, CA) was used for statistical apalysis. P <
(.05 was considered statistically significant. *P<0.05, ¥*¥P<0.01, ¥+ P<.001, 5
F<0.0001.

Resulis
Shn3" mice exhibit increases in CD31"EMCNY endotheliom
{6261] To address our hypothesis that ostecblasts are able to coordinate levels
of osteogenic CD3IMEMONY endothelium to maintain bone formation capacity,
CD31"EMON" endothelium levels were assessed in a mouse strain displaying
augmented postnatal bone formation, Shn3” mice. CD31, EMCN-doubie positive
endothelium was present in the marrow tramediately beneath the growth plate and was
significantly increased in Shn3" mice (FIG. 1A-1D). This increase was bone-specific as
Shn3”" mice displayed normal levels of EMCN-positive vessels in other organs
including heart, brain, lung and kidney (FIG. 7A). This vessel phenotype was present in
neonatal Shn3” mice and thus preceded the appearance of the high bone mass
phenotype (Jones et al. 2006) (FIG. 7B). Flow cytometry also confirmed an increase in
CD3MEMON vascular endotheliam in the bones of $hn3” mice (FIG. 1E-1F and
FIG. 7). Taken together, these observations indicate that SHN3 regulates levels of
skeletal CD3IMEMCN" endothelium in addition to its role in regulating ostecblast
actvity.

Osteoblasts regulate levels of CD31YEMONY endothelium
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{6262] As SHN3 acts in a cell intrinsic manner to regulate bone formation by
osteoblasts, we reasoned that SHN3Z also acts in osteoblasts to control levels of
CD3MEMICN® endothelium. To test this directly, mice hathoring a i3 allele in which
exon 4 is flanked by loxP sites (called Shn 37 mice) were bred o a cre-deleter strain
targeting osteoblast progenitors, O3S X-cre, and to a cre-deleter strain targeting roature
ostecblasts, DMP I-cre. Both §in3™ and Shn3"™ mice exhibited a similar degree of
increased bone mass, including increased cortical bone thickness, largely recapitulating
the characteristic bone phenotype of Shn3™ mice (FIG. 2A-2B and FIG. 8A-8C).

Based on this, the $in3! strain was selected for further study as it implicates a more
restricted subpopulation in any phenotypes observed (Zhang and Link 2016, Chen et al.
2014). Histomorphometric analysis confirmed that the high bone mass phenotype of
Shn3 et

on the endosteal smrface (FIG. 2C-2D and FIG. 8D-8E). Analysis of skeletal

mice was due to increased osteoblast-mediated bone formation predominantly

CD31EMOCNY endothelium by both immunostaining and flow cytometry demonstrated
that Shn3” mice displayed a similar increase in this subset of endothelial cells as that
observed in Shn3” mice (FIG. 2B-2G and FIG. 8F-8H).

{0263 To further confirm that the function of SHN3 to regulate skeletal
CD31MEMOCNY vascular endothelinm maps to osteoblasts, endothelial cell-specific
Shi3-deficient mice (§hn3°" mice) were generated using the Cdh5 (VE-cadherin}-Cre.
Diespite observing efficient deletion of Skn3 1o bope marrow endothelial celis (FIG.
8A), levels of CD3IVEMON® endothelial cells were unchanged in Shn3* mice (FIG.
9B-9E). Accordingly, Shn3°™ mice also displayed norraal bone mass (FIG. 9F-8G).
Taken together with the Shn3" and SEn3*™' phenotype, we conchide that osteoblasts
regulate skeletal CE3 I"EMCNY vascular endothelivm in a SHN3-dependent manner,
and that SHN3 does not act directly in endothelial cells to regulate sheletal phenotypes.
{6284] To determine if osteoblasts continmously participate in this regolation or
if this process is hmited to embryonic development, Shn3” mice were intercrossed with
osteocalcin-CreERT mice expressing a tamoxifen-acuvated Cre recombinase in matime
osteoblasts under the control of the osteocalcin promoter (§4n3°" " mice). Cre-
mediated deletion was induced with tamoxifen, generating tamoxifen-inducible
inhibition of §2n3 (5/4n3°7"") in these mice, and the resulting skeletal and vascular
phenotypes exhibited by the mice were analyzed. Tamoxifen treatment increased
CD3EMCN® endothelial levels and both trabecular bone nmass and cortical bone
thickness, with the increase in CD31"EMCN" endothelinm preceding the increase in
bone mass (F1G. 2H-2L and FIG. 18). Thus, mature osteoblasts continuously
participate in tuning the levels of CD3 I"EMOCN" endotheliim in bone, and this

coupling is not solely a developmental phenomenon.
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SHN3 regulates §7if3 expression in osteoblasts

[6265] To investigate if the regulation of marrow angiogenesis by SHN3 is a
direct effect of osteoblasts on endothelial cells, conditioned medium was harvested from
WT and Shn3” primary osteoblasts and inroduced to cultures of primary bone-marrow
derived endothelial cells. Conditioned medinm from $hnd” primary osteoblasts
displayed an enhanced ability to induce endothelial migration and capillary tube
formation, indicating that the osteoblasts secrete a soluble mediator that can induce
endothelial migration and capillary tube formation (FIG. 3A-383). To identfy potential
proangiogemc factors regulated by SHN3 in osteoblasts, RNA seqguencing and
transcriptional profiling was performed. Gene ontology (GO} analysis demonstrated that

.
-

the set of differentially expressed genes in $/m3™ versus WT osteoblasts is enriched for
genes mediating angiogenesis in addition to the expected enrichment for genes involved
with bone development and mineralization (FIG. 3E). Examination of the expression of
a numiber of proangiogenic factors revealed that only SLIT3, a soluble axonal
chemorepellent recently shown to have angiogenic fumctions, showed a substantial
increase in Sin3” osteoblasts (FIG. 3F) (Zhang et al. 2009, Xic et al. 2014). Further
expression analysis confirmed robust 5763 expression in osteoblasts and demonsirated
negligible 87it3 expression in osteoclasts (FIG. 11A-11B)(Su et al. 2004). Suuilarly,
immunofiuorescence for beta-galactosidase in SIit3™ mice (Yuan et al. 2003) bearing a
targeted insertion of a Lacd cassette into the 57it3 locus idenufied SLIT3 expression in
cells adjacent to the bone surface consistent with osteoblasts (FIG. 12). 5713 was also
found 10 be expressed in hurnan mesenchymal stromal cell-derived osteoblasts (FIG.
11C). To verify that 5713 expression is increased in Shnd” ostecblasts, three
complimentary approaches were utilized. First, real-tume PCR was used to validate the
increase in STit3 observed in Shn3” osteoblasts by RNA sequencing (FYG. 3G). Second,
overexpression or knockdown of $4n3 in human mesenchymal stem cell (hMSC)-
denved osteoblasts demonstrated, respectively, a suppression or an enhancerent of both
mBRNA and protein levels of §1it3 (FEG. 3B-31). Moreover, overexpression of $4nJ in
murine primary osteoblasts also dramatically reduced SLIT3 expression (FEG. 11D).
Lastly, ELISA demonstrated a 3-fold increase in SLIT3 secretion in conditioned
medium from Shn3” osteoblasts refative to controls (F1G. 3J). Thus, SHN3 is a
negative regulator of SLIT3 expression in osteoblasts.

{B206] Recent studies have shown that preosteoclast-derived PDGF-BB is able
to induce CD3I"EMCN" endothelium in bone (Xie ef al. 2014). PDGF-BB secretion by
osteoblasts was not detected, and negligible Pdgffr mRNA was observed in both WT

and 5/n37 osteoblasts (FIG. 3F and FIG. 11E). Tn addition, serum PDGF-BB levels are
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unaliered in Sin3" mice (FIG. 11E). Thus, we do not observe evidence of regulation
of PDGEF-BB by SHN3.

[6267] SHN3 acts predominantly by regulating ERK activity, as mice bearing a
knock-in of a mutation in 3 amino acids within the ERK interacting motif (Shn3™™
mice) in SHN3 largely recapitulate the high bone mass phenotype of Shn3” mice. SHt3

3 osteoblasts as that seen in

levels demonstrated a similar increase in primary Shn
Shn3” osteoblasts (FIG. 3K). Similaity, treatment with the ERK pathway inhibitor
trametistb (TTNB) reduced 573 expression in both hMSC-derived osteoblasts and
nmgrine primary calvarial osteoblasts (FEG. 3L and FIG. 13F). Consistent with these

M skeletal

observations, $in3™ mice displayed an increase in CD31MEMCN
endothelium similar to that seen in $4n3” mice (FIG. 3M). Thas, SHN3 regidates

SLIT3 expression and CD31"EMCN" endothelium levels via its ability to bind and

regulate ERK.

SLIT3 promotes CD31MEMUNY endothelinm formation and bone formation in
vive

[6268] To determine if SLIT3 contributes to the regulation of bone marrow

endothelium by osteoblasts in vitro, a dose response curve for SLIT3 treatment was
conducted as described i pror studies (Zhang et al. 2009, Geutskens, Hordijk, and van
Heonik 2010, Naska et al. 2010). Bone marrow endothelizl progenitor outgrowth cells
{(EPOCs) treated with recombinant SLIT3 displayed enbanced migration and wibe
formation (FIG. 4A-4B and FIG. 13A). Additionally, SLIT3 modestly increased the
proliferation of bone marrow denived EPOCs, consistent with the activity of SLIT3
ohserved in non-skeletal vascular endothelium (Zhang et al. 2009y (FIG. 13B). SLITI
and SLIT2 displayed a simailar ability to promote tube formation, consistent with
observations that each of the SLITs displays a similar capacity for ROBO binding and
activation {Howiit, Clout, and Hohenester 2004, Liu et al. 2004, Rama et al. 2015)
(FI(. 14A-148). Next, conditioned medium was collected fromm WT and $hn3"
osteoblasts and placed on bone marrow derived endothelial cells together with an anti-
SLIT3 blocking antibody or an isotype control. Enhanced tube formation was seen with
conditioned medium from SHN3-deficient osteoblasts, and treatment with an anti-
SLIT3 blocking antibody abrogated this effect (FIG. 4C-41D). Investigation of the
signaling pathways downstream of SLIT3 in bone marrow endothelial cells
deraonstrated activarion of ERK MAPK and Hippo signaling, pathways known to
participate 18 angiogenesis (FIG. 15) (Shin et al. 2016, Choi et al. 2015). Interestingly,
we also noted that treatment of bone marcow-derived endothelial cells with SLIT3
enhanced the acquisition of a CD31"EMCNY surface immunophenotype in culture

(FIG. 16A).
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SLIT2 and SLIT3 unexpectedly display divergent functions in the skeletal system
{02091 Current biochemical evidence shows that the ROBQ receptors are
largely unable to discrirmnate among SLIT hgands. Thus, based on current theories,
one would expect that SLIT?2 would show a simular ability as SLIT3 to promuote fracture
healing.

{62181 Systemic administration of SLIT3 increased levels of skeletal
CD3IYEMCN endothelium production in vivo (FEG. 16B). In additon, SLIT2
increased formation of CD31MEMCNY endothelium in vive. (FIG. 140).

{62111 To assess if SLIT3 regolates CD3 I"EMOCNY endothelivm onder
physiologic conditions, immunofluorescence and flow cytometry were performed on
§tit3" mice, with both approaches revealing a reduction in CD31"EMCNY skeletal
endothelium (FIG. 4E-14G and FIG. 5A-38). Concurrent with this reduction in
CD3PPEMONY endothelium, total bone mass and cortical bone thickness were also
substantially reduced in §7it3" mice (FIG. 4H-41; FIG. 5C). Consistent with prior
reports {Yuan et al. 2003), Sli3" mice displayed a decrease in body weight at 1 month
of age, with body weight normalization occurring by 3 months of age (FIG. 17A). Thus,
osetopenia could be observed even at ages where the weight of $7i137 mice was
indistingiishable from that of littermate controls. Such osteopenia was due to reduced
osteoblast activity, as bone formation was reduced without sigmficant alterations in
osteoclast numbers or serum CTX, a marker of osteoclast activity (FIG. 513-5F and
FiG. 178). To evaluate if this decrease in bone formation was due to cell intringic
defects in osteoblast activity, the differentiation of SLIT3-deficient osteoblasts was
examined. Mineralization activity, ALP induction, and induction of characteristic
osteoblast transeripts were all intact or even shghtly enbanced in the absence of SLIT3
(FIG. 17C-17E). Furthermore, treatment of osteoblasts with recombinant SLIT3 did
not enhance osteoblast acuvanon, nor did reatment with a ROBO1-Fe fusion that
blocks SLIT signaling impair osteoblast differentiation (FIG. 17F-17G). Thus, the
ability of SLIT3 to enhance bone formation in vive is not attributable to the direct
effects of SLIT3 on osteoblasts, consistent with the model that SLIT3 directly increases
fevels of CD31PEMUN" endothelium to angment bone formation. To confirm if
osteoblasts represent the key cellular source of SLIT3 controlling levels of skeletal
CD31MEMCN® endothelium and bone mass accrual in vivo, mice bearing a conditional
Siit3 floxed allele (513" mice) were generated, and their deletion capacity was
validated (FIG. 184). 5/t mice were bred to cre-deleter strains targeting either
osteoblast progenitors, OSX-cre, or mature osteoblasts, DMPI-cre. Ostecblast-specific
deletion of 5713 in vivo recapitulated both the impaired CD3 1MEMCN" endothelivm

levels and the osteopenia phenotypes observed in SHr37 mice (FIG. 4J-41. and FIG.
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18B-18E). Furthermore, neither neuron-specific deletion of SI/ir3 by using Synapsin-
cre nor speaific deletion of S7r3 in endothelial cells by using CdhS-cre in vive led to
detectable bone loss (FIG. 124-19B). Thas, osteoblasts are the key functional sowrce of
SLIT3 influencing skeletal biology.

ROBO1 is a key receptor for SLIT3 on marrow endothelial cells.

182131 As SLITs are known to signal through the Roondabout family
(ROBO1-4) of receptors, we next explored which ROBO receptors might he acting
endothelial cells to mediate the response to SLIT3 (Blockus and Chedotal 2016).
CO3I"EMCNY skeletal endothelial cells isolated by FACS and subjected to RNA-seq
transcriptome analysis, revealed that Robo ! and Robo4 are the predonuinant ROBO
family receptors expressed (FIG. 264). Immunofluorescence for beta-galactosidase in
the bones of Robal™ mice bearing a knock-in of a LacZ cassette into the Robol locus
confirmed that Robol expression is present 10 endothelium near the growth plate,
consistent with CD31MEMOCN endothelial cells (FIG. 12). ROBO expression was also
characterized in other skeletal cell types, indicating that osteoblasts express RoboJ and
Robo2 whereas osteockasts show negligible expression of ROBO family merabers.
(FIG. 20B-200). Given the expression of Robel and Robod 1n CD31MNEMONY
endothelial cells, the skeletal phenotype of Robol” and Robod4” mice was examined.
Robol” but not Robo4” mice display low trabecular bone mass in long bones (F¥G. 5G
and FIG. 18D-18K), and Robol™ nice also showed decreased levels of CD31MEMCNY

skeletal endothelivm (FIG. 3H). Robo?2 expression was not detected in either sorted

CD31EMCNY skeletal endothelial cells or cultured bone mamrow derived endothelial
cells, and Robo2 expression was not induced by etther germline Robol-deficiency or
shRNA-mediated Bobol knockdown. (FI1G. 208-20H). Thus, no evidence of ROBO2-
medtated compensation for ROBO1 loss-of-function was observed.

{6213} Next, the mechanism of SLIT3 mediated effects on bone marrow
endothelial cells was investigated. Knockdown of Robol in bone marrow derived
endothelial cells impaired their response to SLIT3 as determined by both their tobe
formation capacity and phosphoryiation of the hippo pathway signaling intermediate
YAP (FI1G. 21A-21B). YAP has been reported to play a crucial role endothelial cell
migration and tube formation {(Chot et al. 2015, Sakabe et al. 2017). Consistent with
this, shRNA-mediated knockdown of YAP significantly reduced the ability of SLIT3
but ot FGF2 to induce tube formation in bone marrow-derived endothelial cells,
indicating that YAP acts downstrearn of the SLIT3/ROBO1 pathway to controf tube
formation (FIG. 21C-21D). Taken together, ROBOI is a key receptor controlling both

endothelial cell responses to SLIT3 and overall boune mass accrual.
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543 contributes to the ability of Sha3 to control osteogenesis and skeletal
endotheliom in vive

{6214] We next questioned whether the enhanced production of SLIT3 by
SHN3-deficient osteoblasts contributes to the high bone mass phepotype of SHN3-
deficient mice. To address this, a genetic interaction study was performed by
intercrossing Shn3™ and S5 mice. As shown in FIG. 5, an epistatic genetic
iateraction was observed between Shn3- and Sfr3-null alleles, as the increases 1a bone
formation, trabecular bone mass, and CO3 PEMCNY endothelial cell levels in Shn3™
mice were partially reversed in Shn3” 5137 mice. Thus, SLIT3 contributes to both the
high bone mass phenotype and enhanced CD31"EMOCN® endothelium phenotype of
SHN3-deficient mice inn vivo. In addition, a genetic interaction similar to that observed
with the Sind and §1it3 germline null alleles was recapitulated vsing conditional
deletion of S7n3 and Slit3 alleles in osteablasts using Osx-cre (FIG. 224-228). Thus,
the interaction between ShnJ and S7it3 alicles to regulate bone 1mass is intrinsic to
osteoblasts. Taken together, these results imply that SLIT3 production is utilized by
osteoblasts to condition their environment through angiogenesis 1o be conducive for
bone formation.

A SHN3I/SLITS osteoblast:endothelinm coupling pathway plays an essential vole in
fracture healing

[6215] Given that bone repair is accompanied by extensive elaboration of new
blood vessels, we hypothesized that SHN3/SLIT3 pathway mediated communication
between osteoblasts and endothelial cells may be vital for bone fracture heahing. In
support of this hypothesis, imununohistochemical analysis of human fractwre calius
tissue demonstrated robust expression of SLIT3 in osteoblasts and the presence of
CD31" endothelivim i physical proximity to osteoblasts (FIG. 23A-23B). An open
femoral midshaft fracture model was established and used to study bone healing in

-

Shn3™, §Ht37, Shn3"5113" and WT control mice. 21 days after fracture, uCT and
histology analysis showed that fracture healing was enhanced in Shn3 ™" mice. The
fracture site in Shn3” mice displayved extensive bridging with mature lamellar bone that
had already remodeled to contain marrow elements within the newly formed callus
tissue. In contrast, deletion of 57i¢3 led to complete non-union and arrest of fracture
healing with only trace amounts of cartilaginous callus present (FIG. 6A-60C).
Consistent with the results of the bone mass genetic interaction studies, SLIT3
deficiency largely reversed the enhanced bealing phenotype of SHN3-deficient mice.
These observations of ephanced and impaired healing in SHN3-deficient and SLIT3-
deficient mice, respectively, translated into traproved or tmpaired bicmechanical

propertics of the callus, as shown by the load to failure or maximum load sustained
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across the fracture site. Consistent with observations in basal bone mass phenotypes,
Shn3™ mice displayed enbanced angiogenesis throughout the calfus, and this phenotype
was reversed by SLIT3 deficiency (FIG. 6D-6E and FIG. 24A-24B). Thus, the
coupling between osteoblasts and vascular endothehum mediated by the SHN3/SLIT3
pathway is essential for fracture healing,

SLIT3 has therapeutic effects in models of fracture healing and postmenopausal
osteoporosis

{6216} Due to evidence that SLIT3 mediated crosstalk between osteoblasts and
CO3I"EMCKN endothelium is an important regulator of bone mass accrual and bone-
fracture healing, we hypothesized that adnministration of exogenous SLIT3 may have
therapeutic effects to promote bone formation and regeneration. To examine this,
recombinant SLIT3 was admanistered twice weekly via IV injection in 5-week-old male
orce concument with performing an open fernoral nudshaft fracture. After 21 days of
treatment, uCT and histological analysis showed an enhancement of bone fracture
healing in SLIT3~treated mice (FI1G. 6F-64G). The bone volune in the callus arca was
increased almost 2-fold relative to controls (FIG. 6H). Furthermore, vascularization of
fracture area including CD31"EMCN" endothelivm was also increased by SLIT3
adoxinistration (FEG. 61 and FIG. 24C). Finally, biomnechanical testing demonstrated
that SLIT3 treatoent significantly enhanced the maxinmm load sustained and stiffness
of the fracture callus, demonstrating taprovernents in clinically meaningful endpoints
(FIG. 60

{6217} However, it is curvently unclear if systenic treatment with SLITs will
result in systeonc toxicity (Kruszka et al. 2017; Moan-Poulard et al. 2016; Jaworski
and Tessier-Lavigne 2012; Kidd T et al. 1998). To investigate this, mice underwent
systermc 1V treatment with SEIT3 and were examined for unexpected toxicity. Notably,
examination of vascolar morphology did not detect alterations in lung, heart, kidney or
reting, and no changes in brain ultrastructare were present after SLIT3 administration
(FEG, 25A-250y). Thus, onder this dosing strategy and with regards to these epdpoints,
the effects of SLIT3 were specific to bone. However, while SLIT3 did not alter retinal
vascular morphogenesis, some niice treated with SLIT3 unexpectedly displayed
increased retinal vascular permeability (FIG. 31, arrowheads). As increased retinal
vascalar permeability is known to result in vision loss as seen in conditions such as
diabetic retinopathy or exudative macular degencration, this toxicity may preclude
systemic therapeutic administration of SLIT3.

F.ocal delivery

{B218] Based on these observations, Jocal delivery of SLIT3 would avoid the

risk of an undesired cffect of SLIT3 to promote retinal vascular permeability. As a
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proof-of-principle strategy to avoid the potential extra-skeletal toxicities that were
identified as described herein, local delivery of SLIT3 into a fracture site was achieved
with a SLIT3-loaded collagen sponge. A hydrogel containing SLIT3 has also been
implanted. These approaches recapitplated the effects of systemic SLIT3 delivery in
promoting fractore bealing as judged by improved mineralization and biomechanical
properties of the fracture callus and increased formation of CD31VEMCN" endothelinm
(FIG. 6K-6L and FIG. 26). Local delivery of SLIT3 also did not impact non-skeletal
vascular abundance or morphology or brain ulirastrocture (FIG. 26B-2618).

182191 Thus, tocal debivery of SLIT3 using a SLIT3-containing construct 18
effective in preclinical models to enhance skeletal healing. This approach is expected to
be broadly applicable for the treatment of skeletal diseases and conditions, including the
treatment of osteoporosis.

{62281 Given the therapentic effects of SLIT3 in a fracture model, we next
examined whether systemic SLIT3 adiministration can protect from bone loss in the
orarine ovariectomy (OVX) model of postioenopausal osteoporosis (Bouxsein et al.
2005). Successtul OVX was confirmed two months after OV X by the presence of both
osteopenia and uterine atrophy (FIG. 6M and FIG. 27A4-278). Fust, the ability of
SLIT3 to prevent bone loss was exanmined in this model. Mice were treated with TV
injection of SLIT3 or vehicle twice weekly initiated two weeks after OVX. Micro-CT
analysis showed that SLIT3 administration significantly countered OV ¥X-induced bone
loss as shown by ncreased trabecular BV/TV and cortical thickness (FIG. 6M and FIG,
27C}. As the effects of SLIT3 were coraparable to the effects of PTH treatment, this
indicates that the magnitede of SLIT3 effect is chinically significant. Moreover, both
SLIT3 and PTH adminisiration reversed the attennation of endosteal CD3I"EMCNM
endothelium occurring after OVX and similarly rescued endosteal bone formation (FIG,
27D-27F). To further investigate the therapeutic activity of SLIT3, the ability of SLIT3
to promote bone formation after the onset of OV X-induced osteopenia was examined.
Mice were treated with IV mgjection of SLIT3 or vehicle twice weekly initiated exght
weels after OV X surgery. SLIT3 administration significantly reversed bone loss as
shown by increased trabecular BV/TV and cortical thickness (FIG. 28A~28B).
Furthermore, SLIT3 administration signiticantly increased CD31"EMCN" endothelial
cells in this context (F1G. 28C). Taken together, these results provide proof-of-principle
that SLIT3 may have clinical utility to enhance fracture healing and to treat disorders of
low bone mass such as postmenopausal osteoporosis.

Discussion

{6221] Though bone fororation 1s mediated solely by osteoblasts, it is Bkely

that many other tissue types present in bone, such as vascular endothelium or autonomic
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and sensory nerves, confribute 1o creating a conducive milien for bone formation
(Fukuda et al. 2013, Kusumbe, Ramasamy, and Adams 2014, Ramasamy et al. 2014,
Zhang ¢t al. 2016, Xu 2014). To the degree that the creation of a local osteogenic mlieu
should be coordinated with the cell inrinsic matrix production capacity of osteoblasts, it
would be mechanistically attractive for osteoblasts to regulate their own roatrix
production alongside the activities of these supporting cell types. However, this
rerpains a peorly understood facet of bone physiology. Here, the inventors
hypothesized that roice with extreme increases in booe formation represent an
opportonity to identify how osteoblasts regulate supporting tissue types in bone to create
a pro-osteogenic nulien. In particular, the greatly enhanced bone formation phenotype
of mice lacking the adaptor protein SHN3 was utilized to identify that osteoblast-
derived SLIT3 enhances levels of an osteogenic subtype of vascular endothelium in
SLIT receptor ROBO 1 display reduction in both the levels of mamow CD31MEMCNY
endothelium and basal bone tass.

[6222] Support for osteoblasts being a key source of SLIT3 i1 bone include the
observation of robust and specific SLIT3 expression in osteoblasts, without appreciable
SLIT3 expression in osteoclasts or CD3IMEMCNY endothelinm (FIG. 114-118 and
FiG. 20A). Conditional deletion of $hnJ in late-stage osicoblasts enhanced SLIT3
expression and CD3TPEMCN" endothelium levels, and osteoblast derived conditioned
medium enhanced bone marrow eadothelial tube formation in a SLIT3-dependent
manner. Moreover, genetic interaction studies demonstrated that the CD31"EMCNY
endothelium-promoting and enhanced bope formation effects of SHN3 deficiency are
partially 3LIT3 dependent. This rescue of the SHN3 phenotype is pot a generic
property of crossing SHN3 to a mouse with low bone mass, as crossing the Shn3™
mouse strain to the osteopenic Rsk2” sirain did not significantly alier the Shn3d™
phenotype (Shim, §. H., et al. 2013). Thus, the epistatic interaction hetween Shn3 and
Siit3 alleles in both regulation of bone mass and CD31"EMCN" endothelivm levels
provides in vivo genetic evidence that SLIT3 is a critical effector downstream of SHN3,
though it does not preclude the existence of additional effectors.

{6223} Additionally, ROBGO1-deficient but not ROBQO4-deficient niice show an
osteopenic phenotype, and accordingly ROBO1 knockdown partially blocks bone
marrow endothelial responses to SLIT3. Though the phenotype of ROBOT -deficient
mice and the in vitro studies indicate that it is a kev receptor of SLIT signals i the
reguiation of bone mass accruaal, it cannot be excluded that other SLIT/ROBO merabers
sinwlarly contribute in cither an independent or redundant manner (Blockus and

Chedotal 2016).
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{6224} Flow cytometry analysis of CD31"EMOCN™ endothelium indicates that
this is a relatively rare population of cells, with only very limited numbers of cells
present relative to other hematopoietic or mesenchymal hineages. This raises the
question of how such a small population can exert such a large effect on organ
physiclogy. One possible explanation is that the highest density of CD31"EMCN®
endothelium is observed at very active sites of bone formation, such as the primary
spongiosum ramadiately adjacent to the growth plate of an actively growing long bone,
and within this site CD3"EMOCN" endotheliom is observed to be in close physical
proximity with osteoblast-lineage cells. This physical proximity between
CD3I"EMCNY endothelium and the osteoblast lineage cells they support may act to
amplify each other’s physioclogic effects. Farther work is needed to clarify the nature
and mediators of these interactions beyond SLIT3. Additionally, much remains to be
learned about properties that define CD31"EMCN™ endothelinm, including how this
population relates to other endothelial cell types present in bone (Ramalingam, Poulos,
and Butler 2017).
[6225] Given the evidence that fracture healing is accompanied by extensive
claboration of new blood vessels, the role of SHN3/SLIT3 mediated coupling between
osteogenesis and CD3TPEMCN" endothelinm was explored in bone regeneration and
found to be critically tmaportant.
Example 2: Osteoclasts Ave Not a Source
of Physiclogically Relevant SLIT3
{(¢226] As described herein SLIT3 is of fundamental iroportance as an osteo-
anabolic reagent. This Example describes forther studies clarifying the cellular sources
and targets of SLIT3.
BMaterials and Methods
{8227] Animals, /137 and CTSK-Cre mice were described previously.
S1it3"" were generated by homologous recombination insertion of a floxed allele into
the 5%¢3 locus. All experiments were performed according to protocols approved by the
institutional animal care and use committee of Weill Cornell Medical College. All mice
were maintained under specific pathogen free conditions, fed ad libitun: chow and
housed up to 4 animals per cage on a standard day-night cycle lighting.
{6228] Osteoclast culture, differentiation assays, Western blotling and
gPCR. In vitro primary osteoclast cultures, guantitative PCR, Western blotting, and
TRAP staining were performed as previously descrbed. Primary antibodies were
specific for SLIT3, (1:1,000; Cell Signaling) and HSPOO (1:2,000; Sigma).
{6225] Micre-CT Analysis, histology, immuneohistochemistry, and

histomorphometry. Micro-CT analysis was conducted on a Scanco Medical Micro-CT
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35 systera by an investigator blinded to the genotypes of the animals under analysis.
Paraffin embedding, sectioning and TRAP staining were performed as previously
described. Static and dynamic histomorphometric analyses were performed using the
Osteomeastre Analysis System {Osteometrics) as previously described, also by an
investigator blinded to the genotypes of the animals being analyzed.
Immunofluorescence staining was performed according to a previously published
protocol.

{6236] Flow cytometry apalysis and cell sorting. Bone marrow cells
collected from $7it3™ and SHi3* mice were filtered through a cell strainer (70 pm; BD
Falcon) to remove debris. After washing, equal numbers of cells per mouse were
blocked with Purified Rat Anti-Mouse CDI6/CD32 (BD Biosciences) for 30 nxin on ice,
then stained with BUV395-conjugated B220 antibody (BD), Percp-CyS.5-conjugated
CD1ib (Biolegend), FITC-conjugated CD 115 (Biolegnd) and PE/Cy7-conjugated
CD117 (Biolegend) for 45 mmin on ice. After washing, cells were resuspended in PBS
(pH 7.2y with 2 mM EDT A and 1 p g mi~1 DAPI (live/dead exclusion) for anal ysis on
an L3RI flow cytometer system (BD Biosciences) cytometer and analyzed using
Flowlko software {Tree Star). Cell sorting was performed with 2 FACSAna I SORP cell
sorter (Becton Dickinson), with exclusion of DAPH+ cells and doublets. The strategy to
sort osteoclast progenitor cells (OCPs) is diagranuned in FIG. 32.

{6231} Bone marrow transplantation. We followed a published protocol for
bone rarrow transplantation (Zhao B, et al. Nature Medicine 2009). Baefly, Bone
marrow cells from wild-type or KO higtermate mice were harvested and 5 milhon of
total bone marrow cells from each donor were transplanted by infravenous tai vein
injection wnto each of the radiated wild-type recipients. Recipient mice (6-week-old
BALB/c mice} were lethally tiradiated with a single dose of 875 rads 1 day prior to
transplantation. Bone marrow-chimeric rmce were sacrificed 16 weeks after bone
marcow trapsplantation. The experiments using chimeric mnce were approved by the
Hospital for Special Sorgery Instinstional Animal Care and Use Conumitiee.

{6232} Statistical methods. All data were presented as the nean + s.em.
Sample sizes were calculated on the assumption that a 30% difference in the parameters
measured would be considered biologically significant with an estimate of sigma of 10-
20% of the expected mean. Alpha and Beta were set to the standard values of 0.05 and
0.8, respectively. No animals or samples were excluded from analysis, and where
applicable, animals were randomized to treatment versus control groups. Statistical

gends. The GraphPad PRISM software (v6.0a;

methods are indicated 1n the figure leg
GraphPad, La Jolla, CA, USA) was used for statistical analysis. A P value < 0.05 was

considered statistically significant.
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Results
{6233] To measure SLIT3 expression during osteoclastogenesis, an in viiro
osteociast formation assay was first performed using wild type bone marrow
macrophages (BMMs). Interestingly, compared with the robust SLIT3 expression seen
in brain, SLIT3 expression was not detected during osteoclastogenesis at either the
mRNA or protein fevel (FIG, 33A-33B). This finding is consistent with a previocus
Gene-Chip analysis of axon guidance cues in osteoclast and osteoblast differentiation
and another independent expression study in mouse macrophages. In addition, these
data indicate that osteoblasts but not csteoclasts are 3 major source of SLIT3 production
in bone compartments, consistent with findings described above on severe osteopenia in
§Hie3%m0" and $£i3° mice.
{6234} To assess the effects of exogenous SLIT3 on osteoclastogenesis, BMMs
were treated with recombinant SLIT3 at levels showing bicactivity in multiple other
cellular assays, including tube formation assays in endothelial cells. Althongh SLIT3
treatment modestly inhibited expression of osteoclast marker genes, no significant
changes were observed in the number of tartrate-resistant acid phosphatase (TRAP)
positive osteoclasts compared with controls (FIG. 33C-33D). Sinmtlar negative results
were obtained during a dose-titration of SLIT3 during osteoclast differentiation (F1G.
33E). Consistent with these in vitro findings, treatment for six weeks with recombinant
SLIT3 in vivo was only able 1o increase amounts of CD31"EMCN" vasculature but not
osteoclast formation, indicating that SLIT3 has in vive angilogenic but not anti-
osteoclastogenic activity in vive.
{(¢235] To further assess the role of SLIT3 in ostecclastogenesis in vivo,
CDLI7CD R "CD11ST osteoclast precursors were first anal yzed in SFr3”" mice using
flow cytometry. No significant difference was observed in the overall abondance of
osteoclast cells in $7i£37 mice, indicating that global deletion of SLIT3 is not able to
disrupt osteoclast precursors (F1G. 344). Next, as osteoblast-denived SLIT3 is crucial

for bone mass accrual, the inventors designed tests 1o evaluate whether osteoblast

A2

derived SLIT3 would specifically affect osteoclast precursors. §7i23 mice were bred to
cre-deleter strains targeting osteoblasts via OSX-cre (3£i#37). Like the observation
using animals with global deletion of SLIT3, numbers of osteoclast precursors were
unaltered in S/37 mice (FI1G. 34B). Lastly, to confirm the role of SLIT3 in

2

osteociasts, S7it37 mice were bred to a cre-deleter straip targeting mature osteoclasts,
CTSK-cre (§1i13%). No apparent difference was observed in the overall abundance of
osteoclast precursors in S7ir37* mice, indicating that ablation of SLIT3 production by
CTSK positive osteoclasts is not able to disrupt osteoclast precursors (FEG. 34C).

s kY

) . . sk . sl e
Furthermore, osteoclast precursors derived from SEe3° mice and Slir3” mice were
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sorted and an osteoclast formation assay was conducted. No differences in osteoclast
production were detected (FEG. 34D). Consistent with this, $/i23* mice developed
norrally without any gross abnormality and display a normal bone mass relative o
control muce at both 5 weeks (FEG. 34E). Coasistent with this, histomorphornetric
analysis showed that mineralization rate, bone formation rate, osteoblast pumber and
osteoctast nurnber were not affected in S4:3°° mice. Moreover, the skeletal vasculature
was not altered in S#23°* mice relative to SIit3” mice as well.

{6236] As CathepsinK-cre deletes relatively late duning osteoclast
differentiation, bone marrow chimeras from SH23” donors were created (o assess the
importance of SLIT3 production by early stage osteoclast-linecage cells. Bone marrow

was collected from 8-week old Slis3"*

mice and ${i73” mice and then injected into
lethally irradiated 8-week-old WT mice. The resulting chimeras were maintained for 12
weeks before amalysis (the protocol is outlined in FIG. 354). Micro-CT apalysis
showed that the mice reconstifuted with bone marrow cells isolated from S/i¢3” niice
had normal bone mass compared with those reconstituted with WT bone marrow cells,
as illustrated by the analysis of the trabecular bone volume/total volume and cortical
bone thickoess (F1G. 35B-35C). Further histomorphometry and immunofiuorescence
staining showed that neither osteoclast numbers nor bone vasculature were altered by

ge cells

bone marrow transplantation and the absence of SLIT3 from osteociast linea
(FIG. 35D). In swomary, both by using conditional deletion of §§i73 in matwre
osteoclasts and by creating bone marrow chimeras 1ncapable of SLIT3 production in
osteoclast-lineage cells, evidence for osteoclasts as a physiologically relevant sowrce of
SELIT3 was not observed.
{6237] The following statements are potential claims that may be converted to
claims in a future application. No modifications of the following statements should be
allowed to affect the interpretation of claims which may be drafted when this
provisional apphication is converted into a regular utility application.

STATEMENTS
1) A method for prevention of bone loss or for promoting bone growth, bone-
strengthening, or bone-healing in a subject in need thereof, conprising administering a
SLIT3 or SLIT2 agent to said subject.
2y The method of statement 1, wherein the SLIT3 or SLITZ agent is a protein.
3) The method of statement |, wherein the SLIT3 or SLIT2 agent is a gene transfer
vector comprising a promoter operably linked to nucleic segment encoding a SEIT3 or
SLIT2 protein.
4) The method of statement 1, 2 or 3, wherein the SLIT3 or SLIT2 is targeted to bone.
5) The method of statement 1-3 or 4, wherein the SLIT3 or SLIT2 is delivered locally.
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6) The method of statement 5, wherein said local administration is by injection or via a
combination with a medical device.

7y The method of statement -5 or 6, wherein bone formation comprises promoting the
formation or growth of CD31 NEMON® endothelium.

#) The method of statement 1-6 or 7, further comprises admimstering an agent that
inhibits Sind expression or SHNG activity.

9 The method of statement 1-7 or 8, wherein administering is daily, thrce weekly,
twice weckly, once weekly, twice monthly, or once moathiy.

10y The method of statement 1-7 or 8, wherein administering 1s every 2 months, every
three months, every four months, every five months, every six months, or once per year.
11) The method of statement 1-9 or 10, wherein the SLIT3 or SLIT2 agent is a gene
transfer vector comprising a promoter operably linked to nucleic segment encoding a
SLIT3 or SLIT2 protein, and aduinistering is once.

12y A maethod of preventing bone growth in a subject in need thereof, corprising
administering a SLIT3 or SLIT2 inhibiting agent to said subject.

13} The method of statement 12, wherein the SLIT3 or SLIT2 inhibiting agent is
targeted to bone or delivered locally.

14) The method of statement 12 or 13, wherein the SLIT3 or SLITZ2 wshibiting agent s
a small interfering RNA.

15) The method of statement 12, 13 or 14 wherein the SLIT3 or SLIT2 inhibiting agent
is an antibody.

16y A method comprising focally administering a composition comprising one oF more
types of SLIT2 or SLIT3 protein, or one or more types of gene trapsfer vector encoding
a SLIT2 or SLIT3 protein to a site where enhanced bone growth or repair ts desired ina
subject.

17) The method of statement 16, wherein the subject is a mammal or bird.

o

18} The method of statement 16 or 17, wherein the subject is a human.

1

N

Y The method of statement 16, 17, or 18, wherein the sabject has substantially no
vascular leakage in retinal vasculature from locally administering the SLITZ or SLIT3
protein, or the SLIT2 or SLIT3 gene transfer vector.

20y The method of statement 16-18 or 19, wherein the composition comprises a carrier
or excipient.

21) The method of staterpent 16-19 or 20, wherein the compaosition comprises one or
more crystalline materials, amorphous materals, liposomes, lipids, charged lipids,
DNA-protein complexes, polymers, or a combination thereof.

22) The method of statement 16-20 or 21, wherein the compaosition comprises gefatin or

collagen.

O
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23) The method of staternent 16-21 or 22, wherein the composition comprises a sponge.
24y The method of statement 16-22 or 23, wherein the composition coats or 1s
covalently bound to an orthopedic implant.

25) The method of staternent 16-23 or 24, wherein the composition is fornwlated for slow
or reduced release.

26y The method of statement 16-24 or 25, which promotes bone growth, strengthens bone,
or heals bone the site in the suhject.

27y The method of statement 16-25 or 26, which promotes bone growth or strengthens
bone at the site in the subject, where the bone growth or bone strength 18 1ncreased by at
least 20% compared to animal that was not admimstered the SLIT2 or SLIT3 protein, or
the SLIT2 or SLIT3 gene transfer vector to a subject.

28y The method of statement 16-26 or 27, which heals bone by increasing maximal load
tolerated by a bone i the auninwl by at least 20% compared to animal that was not
administered the SLIT2 or SLIT3 protein, or the SLIT2 or SLIT3 gene transfer vector 1o
a subject.

29) The method of statement 16-27 or 28, wherein the composition comprises about 0.01
mg/kg to about 500 to 750 mg/kg of each SLIT2 protein, SLIT3 protein, gene transfer
vector encoding a SLIT2, or gene transfer vector encoding a SLIT3 protein.

30) A metbod of preventing boue growth in a subject in need thereof, comprising
administering a SLIT3 or SLIT2 inhibiting agent to said subject.

31) The method of staternent 30, wherein the SLIT3 or SLIT2 inhibiting agent is targeted
to bone or delivered locally.

32) The method of statement 30 or 31, wherein the SLIT3 or SLIT2 inhibitng agent is a
small interfering RNA that binds to an endogenous SLIT3 or SLIT2 mucleic acid under
physiological conditions.

33} The method of statement 30, 31 or 32, wherein the SLIT3 or SLIT2 inhibiting agent
is an antibody that binds to SLIT3 protein or SLIT2 protein.

34) The method of staterent 30-32 or 33, wherein the SLIT3 or SLIT2 inhibiting agent
is trametinib (TTNB).

35) A composition comprising at least one SLIT2 protein, SLIT3 protein, SLITZ gene
transfer vector or SLIT3 gene transfer vector and a carrier or excipient that reduces release
or diffusion of the SLIT2 protein, SLIT3 protein, SLIT2 gene transfer vector, or SLIT3
gene transfer vector.

36) The composition of stateraent 35, wherein the carrier or excipient comprises one or
more erystalline materials, amorphous materials, liposomes, lipids, charged lipids, DNA-
protein complexes, polymers, or a combination thereof.

37) The conposition of statement 35 or 36, wherein the carrier or excipient conprises
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gelatin or collagen.
38) The composition of statement 35, 36 or 37, wherein the carrier or excipient comprises
a sponge.
39) Ap implant comprising at least one SLIT2 protein, SLIT3 protein, SLIT2 gene transfer
vector or SLATS gene transfer.
40) The implant of staternent 39 which is an orthopedic traplant.
41) The troplant of staternent 39 or 40, wherein the at least one SLIT2 protein, SLIT3
protein, SLIT2 gene transfer vector or SLAT3 gene ransfer coats the toplant,
42y The imiplant of statement 39, 40, or 41, wherein the at least one SLIT2 protein, SLIT3
protein, SLIT2 gene transfer vector or SLIT3 gene transfer 15 covalently bond to the
implant.
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[6238] All patents and publications referenced or mentioned herein are
indicative of the levels of skill of those skilled in the art to which the invention pertains,
and each such referenced patent or publication is hereby specifically incorporated by
reference to the same extent as if it had been incorporated by reference in its entirety
individually or set forth herein in its entirety. Applicants reserve the right to physically
incorporate into this specification any and all materials and information from any such
cited patents or publications.

{6239] The specific proteins, nucleic acids, methods and corapositions
described herein are representative of preferred emnbodiments and are exeraplary and not
intended as hmitations on the scope of the invention. Other objects, aspects, and
enbodiments will occor to those skilled in the art upon consideration of thig
specification and are encompassed within the spirit of the invention as defined by the
scope of the claims. It will be readily apparent to one skilled 1o the art that varying
sohstingtions and modifications may be made to the tnvention disclosed herein without
departing from the scope and spirit of the invention. The invention illustratively
described herein suitably may be practiced in the absence of any element or elements, or
limitation or limitations, which is not specifically disclosed herein as essential.

{248] The specific proteins, nucleic acids, methods and compositions
iHustratively described herein suitably may be practiced in differing orders of steps, and
the methods and processes are not necessarily restricted to the orders of steps indicated
herein or in the claims. As used herein and in the appended claims, the singular forms
*a,” “an,” and “the” include phwral reference unless the context clearly dictates

otherwise. Thus, for example, a reference to “a protein,” “a mucleic acid,” “a
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coraposition,” “‘a vector” or “a promoter” includes a plurality of such proteins, macleic
acids, compositions, vectors or promoters (for exaraple, a solution of proteins, nucleic
acids, compositions, vectors, or a series of promoters), and so forth.

{62411 The term “abowut”, as used herein, can allow for a degree of variability
in a value or range, for exanple, within 10%, within 5%, or within 1% of a stated value
or of a stated imit of a range.

{6242] Under no circumstances may the patent be intarpreted to be himited to
the specific examples or embodiments or methods specifically disclosed herein. Under
no circumistances may the patent be interpreted to be imited by any statement made by
any Exaniiner or any other official or employee of the Patent and Trademark Office
unless such statement is specifically and without gualification or reservation expressly
adopted in a responsive writing by Applicants.

[6243] The terms and expressions that have been enployed are used as terms
of description and not of limitation, and there is no intent in the use of such teras and
expressions to exclude any equivalent of the features shown and described or portions
thereof, but it is recognized that various modifications are possible within the scope of
the invention as claimed. Thus, it will be understood that although the present invention
has been specifically disclosed by prefeged embodiments and optional features,
modification and variation of the concepts herein disclosed may be resorted to by those
skilled in the art, and that such mmodifications and variations are considered to be within
the scope of this iovention as defined by the appended claims and statements of the

invention,
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What is claimed:

i A method comprising locally administering a composiion comprising one of
more types of SLIT2 or SLIT3 protein, or one or more types of gene transfer vector
encoding a SLIT2 or SLIT3 protein to a site where enhanced bone growth or repair 1s

desired in a subject.

2. The method of claim 1, wherein the subject is a marnmal or bird,
3. The method of claim 1, wherein the subject is a huroan.
4. The method of claim 1, wherein the subject bas substantially no vascular leakage

in retinal vasculatore from locally admumistering the SLIT2 or SLIT3 protein, or the SLIT2 or

SLIT3 gene transfer vector.

3. The method of claim 1, wherein the composition conmprises a carrier or excipient.
6. The method of claim 1, wherein the gene transfer vector comprises a viral vector.

~
7
i

The method of claim 1, wherein the composition comprises one of more
crystailine materials, amorphous materials, liposomes, lipids, charged lipids, DINA-protein

complexes, polymers, or a combination thereof.

8. The method of claim 1, wherein the composition coraprises gelatin or collagen.
9. The method of claim 1, wherein the composition coruprises a sponge.
10. The method of claim |, wherein the composition coats or is covalently bound to

an orthopedic implant.
il The method of daim 1, wherein the composition is fornwmlated for slow or
reduced release.
12. The method of claim 1, which promotes bone growth, strengthens bone, or heals
bone the site in the subject.
13 The method of claim 1, which promotes bone growth or strengthens bone at the
site in the subject, where the bone growth or bone strength is increased by at {east 20%
compared to amiral that was not administered the SLIT2 or SLIT3 protein, or the SLIT2
or SLIT3 gene transfer vector to a subject.
14. The method of claim 1, which heals bone by increasing maximal load tolerated
by a bone in the animal by at least 20% compared to amimal that was not administered the
SLITZ or SLIT3 protein, or the SLI72 or SLIT3 gene wransfer vector to a subject.
Is. The method of claim 1, wherein the composition comprises about 0.01 mg/kg to
about 500 to 750 mg/kg of each SLIT2 protein, SLIT3 protein, gene transfer vector
encoding a SLITZ, or gene transfer vector encoding a SLIT3 protein.
o A method of preventing bone growth in a subject in need thercof, compnsing
administening a SLEIT3 or SLIT2 inhibiting agent to said subject.
17 The method of daim 16, wherein the SLIT3 or SLIT2 inhibiting agent is targeted

to hone or delivered locally.
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8. The method of claim 16, wherein the SLIT3 or SLIT2 inbibiting agent is a small
interfering RNA that binds to an endogenous SLIT3 or SLIT2 nucleic acid under
physiological conditions.

19. The method of claim 16, wherein the SLIT3 or SLIT2 inhibiing agent is an
antibody that binds to SLIT3 protein or SLIT2 protein.

20. The method of claim 16, wherein the SLIT3 or SLIT2 inhibiung agent is

traropetinib (TTNB).
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